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MUSING 


hysics Musing was started in August 2013 issue of Physics For You with the suggestion of Shri Mahabir Singh. The aim of 
Physics Musing is to augment the chances of bright students preparing for JEE (Main and Advanced) / AIIMS / Other PMTs 
with additional study material. 

In every issue of Physics For You, 10 challenging problems are proposed in various topics of JEE (Main and Advanced) / various 
PMTs, The detailed solutions of these problems will be published in next issue of Physics For You. 

The readers who have solved five or more problems may send their solutions. The names of those who send atleast five correct 
solutions will be published in the next issue. 

We hope that our readers will enrich their problem solving skills through "Physics Musing" and stand in better stead while facing 
the competitive exams, 


MULTIPLE OPTION CORRECT 


1. 


4 


Standing waves are produced on a stretched 
string of length L with fixed ends. When there is a 


node ata distance t from one end, then 


(a) minimum and next higher number of nodes, 
excluding the ends are 2, 5 respectively 

(b) minimum and next higher number of nodes, 
excluding the ends are 2, 4 respectively 


(c) frequency produced may be T 


(d) frequency produced may be z 


[v = Velocity of waves in the string] 


In displacement method, the distance between 

object and screen is 96 cm. The ratio of length 

of two images formed by a convex lens placed 

between them is 4.84. 

(a) Ratio of the length of object to the length of 

shorter image is 11/5. 

Distance between the two positions of the 

lens is 36 cm. 

(c) Focal length of the lens is 22.5 cm. 

(d) Distance of the lens from the shorter image is 
30 cm. 


When monochromatic light is incident normally 
on a wedge-shaped thin air film, refer figure, an 
interference pattern may be seen by reflection. 
Which of the following is/are correct ? 


——— 
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(a) Parallel fringes are observed. 

(b) If water is introduced into the region between 
the plates, the fringe width decreases. 

(©) If the angle of the wedge is increased, the 
fringe width decreases. 

(d) When white light is used there will not be a 
completely dark fringe. 


A uniform bar of length 6a and mass 87 lies on 
a smooth horizontal table. Two point masses 
m and 2m moving in the same horizontal plane 
with speeds 20 and v respectively, strike the bar 
(as shown in the figure) and stick to the bar after 
collision, Denoting angular velocity, total energy 
and velocity of centre of mass by œ, E and ve 
respectively, we have after collision 


? 2m 3a 
w 


aua ae 
a 
Darra 
m 
3w 
(a) %=0 O osz 
3mo? 
G] one (@) Ba 


The spring is compressed by a distance ‘a’ and 
released. The block again comes to rest when the 
spring is elongated by a distance ‘b’, During this 
process. 


How to select the correct 
answer faster? 


t400 
510 pages 


The answer is practice. 
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Vermin Mee 


(a) work done by the spring on the block 
1 


= 5 K(a? +b?) 
(b) work done by the spring on the block 
1442-42 
==k(a" -b 
2 (a ) 
kla- b; 
(c) co-efficient of friction = ket 
2mg 
k(a +b) 
(d) co-efficient of friction = > 
mg 


SINGLE OPTION CORRECT 


6. 


A particle of mass m is projected with velocity vo 
at an angle @ with the horizontal. The co-efficient 
of restitution for any of its impact with the smooth 
ground is e. 


(a) Total time taken by the particle before it stops 
using 


moving vertically is 
g(l-e) 


(b) Total horizontal distance moved in the 
time before it stops moving vertically is 
u?sin2a 
2g(1-e) 


(c) Average force on the particle over the time 
interval in which it makes first ‘n’ impacts 


with ground equals mee") directed 


upwards 
‘Average force on the particle over the time 
interval in which it makes first ‘n’ impact 


(d; 


equals "Ea —e") directed downwards. 


A ray of light travelling, in a medium of refractive 
index p is incident at an angle 0 on a composite 
transparent plate consisting of 50 plates of R.I. 
1.01, 1.024, 1.034, ...., 1.50}. The ray emerges 
from the composite plate into a medium of 
refractive index 1.6, at angle ‘x’. Then 


—+—$£ 10 


—a ae 
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Seine 
8 


50 
(a) sinx= (124) sind (b) sinx 


© sinx=Ssino (d) sinx= ey sin® 


The molar heat capacity C for an ideal gas going 


through a given process is given by C =f , where 
a' is a constant. If Y= € , the work done by one 
mole of gas during heating from To to nT through 
the given process will be 

(a) Ain (b) alnn- (4 + er, 


(© alnn-(y-1)RTy (d) none of these 


SUBJECTIVE TYPE 


9. 


10. 


The figure shows a conducting sphere A’ of radius 

a’ which is surrounded by a neutral conducting 
spherical shell B of radius ‘W (> a). Initially 
switches $1, S2 and S; are open and sphere ‘A’ 
carries a charge Q. First the switch ‘Sy’ is closed 
to connect the shell B with the ground and then 
opened. Now the switch ’S;’ is closed so that the 
sphere ‘A’ is grounded and then Sp is opened. 
Finally, the switch ’S;’ is closed to connect the 
spheres together. Find the heat (in Joule) which 
is produced after closing the switch 53, [Consider 
b=4cm,a=2cmand Q=8 pC] 


d T 


In the given figure, a S Q 
string of linear mass 
density 3 x» 10? kg m” 


and length L = 1m, T> 
is stretched by a force 

= (3- kt) N, where 'K' is 
a constant and ‘F is time in sec. At the time 
t = 0, a pulse is generated at the end P of the 
string. Find the value of k (in N s~!) if the value 
of force becomes zero as the pulse reaches 
point Q. 


F=(3-K)N 
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ELECTRIC CHARGES AND FIELDS 


1. 


p 


Two non-conducting solid spheres of radii 
R and 2R, having uniform volume charge densities 
Pı and pz respectively, touch each other. The net 
electric field at a distance 2R from the centre of the 
smaller sphere, along the line joining the centres 


of the spheres, is zero. The ratio cm can be 


(a) 4 


e 32 d) 4 
() A (a) (2013) 
A cubical region of 
side a has its centre 
at the origin. It 
encloses three fixed 
point charges, -q 


si 
a (0, =£,0) +3 
( 4 Jea 
at (0, 0, 0) and -q at 


a 
0,+—,0 } 
(+ 
Choose the correct option(s). 
(a) Thenetelectric flux crossing the plane x = + A 
is equal to the net electric flux crossing the 
lane x=- £, 
p 2 


(b 


Thenetelectricflux crossing the plane y= + 7 
is more than the net electric flux crossing the 
plane y=-4. 

(c) The net electric flux crossing the entire region 


is L, 
Ep a 
(a) Thenetelectricflux crossing the plane 2 = +5 


is equal to the net electric flux crossing the 
a 
plane anit (2012) 
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An infinitely long solid cylinder of radius R 
has a uniform volume charge density p. It has a 


spherical cavity of radius £ with its centre on 


the axis of the cylinder, as shown in the figure. 
The magnitude of the electric field at the point 
P, which is at a distance 2R from the axis of the 


cylinder, is given by the expression 25 The 
value of k is 16keg 


Tnteger Answer Type, 2012) 


Consider an electric field E=E)%, where Ep is 
a constant. The flux through the shaded area (as 
shown in the figure) due to this field is 

(a) 2Ega* 
(b) V2Ea? 


(c) Epa? 


Epa? 

a) 20 
ia 
(2011) 


A spherical metal shell A of radius R4 and a solid 
metal sphere B of radius Rg (< Ra) are kept far 
apart and each is given charge +Q. Now they are 
connected by a thin metal wire. Then 


(a) eiside <9 (©) Qa>Qp 
(9 = ke 
Sg Ra 


(d) pon surface < pon surface (2011) 
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6. 


7. 


Four point charges, each of +q, are rigidly fixed 
at the four corners of a square planar soap film 
of side a, The surface tension of the soap film is 
Y. The system of charges and planar film are in 


2 j1/N 
equilibrium, and af] , where k is a 
constant, Then N is 

(Integer Answer Type, 2011) 

Which of the following statement(s) is/are 

correct? 

(a) Ifthe electric field due to a point charge varies 
as 5 instead of 7°, then the Gauss law will 
still be valid. 

(b) The Gauss law can be used to calculate the 
field distribution around an electric dipole. 

(©) If the electric field between two point charges 
is zero somewhere, then the sign of the two 
charges is the same. 

(d) The work done by the external force in 
moving a unit positive charge from point A 
at potential V4 to point B at potential Vp is 
(Vs —Va). (2011) 


ELECTROSTATIC POTENTI. ND CAPACITANCE 


8. 


9. 


In the circuit shown in the figure, there are two 
parallel plate capacitors each of capacitance C. 
The switch S; is pressed first to fully charge the 
capacitor Cı and then released. The switch Sz is 
then pressed to charge the capacitor Cz. After 
some time, Sp is released and then $3 is pressed. 
After some time, 
s S Sy 
L, 


e pd 


wy Cı Cı 


(a) the charge on the upper plate of C; is 2CVp. 
(b) the charge on the upper plate of C; is CV. 
(c) the charge on the upper plate of Cz is 0. 
(d) the charge on the upper plate of Cz is -CV 
(2013) 
Two non-conducting, 
spheres of radii 
R, and Ry and 
carrying uniform 
volume charge 
densities +p and -p, 
respectively, 


are placed such that they partially overlap, 
as shown in the figure. At all points in the 
overlapping region, 
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10. 


11. 


12. 


13. 


(a) the electrostatic field is zero. 
(b) the electrostatic potential is constant. 


(c) the electrostatic field is constant in 
magnitude. 
(d) the electrostatic field has same direction. 


(2013) 
Two large vertical and parallel metal plates 
having a separation of 1 cm are connected to a DC 
voltage source of potential difference X. A proton 
is released at rest midway between the two plates. 
It is found to move at 45° to the vertical just after 
release, Then X is nearly 
(a) 1x105V (b) 1x107 V 
(c) 1x10°V (d) 1x100 V 

(2012) 
Consider a thin spherical shell of radius R with 
its centre at the origin, carrying uniform positive 
surface charge density. The variation of the 
magnitude of the electric field | £(r)| and the 
electric potential V(r) with the distance r from the 
centre, is best represented by which graph? 


(EWI IE)! 


Ve) 


Vo) 


[Q] 


0 R f 
(2012) 
In the given circuit, a 
charge of +80 UC is given Teie 
to the upper plate of the == 4ur 
4 uF capacitor. Then in the 
steady state, the charge on 
the upper plate of the 3 pF 24F == 
capacitor is 
(a) +32 uC 
(b) +40 WC 
(©) +48 uC 
(d) +80 uC 


3uF 


(2012) 


Six point charges are kept at the vertices of a 
regular hexagon of side L and centre O, as shown 
1 q 


in the figure. Given that K =— £ 
Arey L 


L, which of 
Teo L? 


the following statement(s) is(are) correct? 


bi > 
(a) The electric field at O is 6K along OD. 

(b) The potential at O is zero. 

(c) The potential at all points on the line PR is 


same. 
(d) The potential at all points on the line ST is 
same. (2012) 
14. A2 pF capacitor is 12 
chargedasshown y 
in figure. The i 
percentage of its View ee = 
stored energy 2B Spe 
dissipated after 
the switch S 
is turned to 
position 2 is 
(a) 0% (b) 20% 
(c) 75% (d) 80% 
(2011) 
CURRENT ELECTRICITY 
15. For the resistance network shown in the figure, 
choose the correct option(s). 
ph22 ¢ 
h 
12V 
(a) The current through PQ is zero. 
(b) )=3A 
(c) The potential at S is less than that at Q. 
(d) h=2A. 
(2012) 
16. A meter bridge is set-up as shown, to determine 


an unknown resistance X using a standard 10 ohm 
resistor. The galvanometer shows null point when 
tapping-key is at 52 cm mark. The end-corrections 
are 1 cm and 2 em respectively for the ends A and 
B. The determined value of X is 


17. 


(a) 10.2 ohm 
(©) 10.8 ohm 


(b) 10.6 ohm 
(d) 11.1 ohm 
Two batteries of different emfs and different 


internal resistances are connected as shown. The 
voltage across AB in volts is 


(2011) 


6V 1Q 


20 
(Integer Answer Type, 2011) 


3V 


MOVING CHARGES AND MAGNETISM 


18, 


A particle of mass M and positive charge Q, moving, 
with a constant velocity 1, =4i ms, enters a 
region of uniform static magnetic field normal 
to the x-y plane. The region of the magnetic 
field extends from x = 0 to x = L for all values of 
y. After passing through this region, the particle 
emerges on the other side after 10 milliseconds 
with a velocity 1, =2(V3i+]) ms“. The correct 
statement(s) is (are) 
(a) The direction of the magnetic field is -z 
direction. 
(b) The direction of the magnetic field is +z 
direction. 
(©. The magnitude of the magnetic field EM 
units. 3Q 
(d) The magnitude of the magnetic field is 
1007M (2013) 
3Q 


units. 


. A steady current I flows along an infinitely long 


hollow cylindrical conductor of radius R. This 

cylinder is placed coaxially inside an infinite 

solenoid of radius 2R. The solenoid has n turns 

per unit length and carries a steady current 

I. Consider a point P at a distance r from the 

common axis. The correct statement(s) is (are) 

(a) In the region 0 <r < R, the magnetic field is 
non-zero. 

(b) In the region R < r < 2R, the magnetic field is 
along the common axis. 

(c) In the region R <r < 2R, the magnetic field is 
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tangential to the circle of radius r, centered on 


the axis. 
(d) In the region r > 2R, the magnetic field is 
non-zero. (2013) 


Paragraph for Questions 20 and 21 
Apoint charge Q is moving ina circular orbit of radius 
R in the x-y plane with an angular velocity œ. This 
canbe considered as equivalent to a loop carrying a 


steady current Qe, 
“ 2n 

A uniform magnetic field along the positive z-axis 
is now switched on, which increases at a constant 
rate from 0 to B in one second. Assume that the 
radius of the orbit remains constant. The application 
of the magnetic field induces an emf in the orbit. 
The induced emf is defined as the work done by an 
induced electric field in moving a unit positive charge 
around a closed loop. It is known that, for an orbiting 
charge, the magnetic dipole moment is proportional 
to the angular momentum with a proportionality 
constant y. 


20. The change in the magnetic dipole moment 
associated with the orbit, at the end of the time 
interval of the magnetic field change, is 


(a) ~yBQR? o RE 
© E (d) yBQR? 


21. The magnitude of the induced electric field in 
the orbit at any instant of time during the time 
interval of the magnetic field change is 

BR BR 


@ > &) > 


1 z © BR 


(d) 2BR 
(2013) 
22. Consider the motion of a positive point charge in 
a region where there are simultaneous uniform 
electric and magnetic fields Ë= Fy j and B = By j. 
At time f = 0, this charge has velocity ö in the 
x-y plane, making an angle 0 with the x-axis. 
Which of the following option(s) is (are) correct 
for time +> 0? 
(a) If 0=0°, the charge moves in a circular path in 
the x-z plane. 
(b) If 0=0°, the charge undergoes helical motion 
with constant pitch along the y-axis. 
(©) f=10", the charge undergoes helical motion 
with its pitch increasing with time, along the 
y-axis. 
If 0 = 90°, the charge undergoes linear but 
accelerated motion along the y-axis. 


(d) 
(2012) 
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23. 


24. 


26. 


A cylindrical cavity of 
diameter a exists inside a 

cylinder of diameter 2a as ~ d 
shown in the figure. Both 
the cylinder and the cavity 
are infinitely long. 2a 

A uniform current density J flows along the 
length. If the magnitude of the magnetic field at 


the point P is given by Ñ yaJ, then the value of 
Nis a 

(integer Answer Type, 2012) 
A loop carrying current I lies in the x-y plane as 
shown in the figure. The unit vector È is coming 


out of the plane of the paper. The magnetic 
moment of the current loop is 


(a) atk 


b) (Zi) 


y 
1 
© -zaer 
(d) (2m+1)a21k 


(2012) 


. An infinitely long hollow conducting cylinder 


with inner radius R/2 and outer radius R carries 
a uniform current density along its length. 
The magnitude of the magnetic field, 1B! as a 
function of the radial distance r from the axis is 
best represented by 


(a) |B) (b) I8 aN 
RIR E 

(c) BI mw (d) 181 a 
RAR RIR 


(2012) 


An electron and a proton are moving on straight 
parallel paths with same velocity. They enter a 
semi-infinite region of uniform magnetic field 
perpendicular to the velocity. Which of the 
following statement(s) is/are true? 
(a) They will never come out of the magnetic 
field region. 
(b) They will come out travelling along parallel 
paths. 
(c) They will come out at the same time. 
They will come out at different times. 
(2011) 


27. Along insulated copper wire is closely wound as 
a spiral of N turns. The spiral has inner radius a 
and outer radius b. The spiral lies in the X-Y plane 
and a steady current I flows through the wire. The 
Z-component of the magnetic field at the centre of 


\ 
Z 


the spiral is 


@) ran In ( i ) 


HpNI (=) 
to Inf 24 
©) 30-0 bea 
aN, (+) 
Oo AG 
HoNI, (b+a 
o in(7*2) (2011) 


MAGNETISM AND MATTER 


28. Which of the field patterns given below is valid 
for electric field as well as for magnetic field? 


7. eZ 
| ix ain 


(O) (d) 


(2011) 


ELECTROMAGNETIC INDUCTION 


29. A circular wire loop 
of radius R is placed 
in the x-y plane 
centered at the 
origin O. A 
square loop of side a 
(@ << R) having 
two turns is placed 
with its center at 
z=V3R along the s 
axis of the circular wire loop, as shown in figure, 
The plane of the square loop makes an angle 


of 45° with respect to the z-axis. If the mutual 


Ho? 


DR’ 


inductance between the loops is given by 
then the value of p is 


(Integer Answer Type, 2012) 


30. A current carrying infinitely long wire is kept 
along the diameter of a circular wire loop, without 
touching it. The correct statement(s) is(are) 

(a) the emf induced in the loop is zero if the 
current is constant 

(b) the emf induced in the loop is finite if the 
current is constant 

(c) the emf induced in the loop is zero if the 
current decreases at a steady state 

(d) the emf induced in the loop is finite if the 
current decreases at a steady state. (2012) 


31, Along circular tube of length 10 m 
and radius 0.3 m carries a current I 
along its curved surface as shown. 
A wire-loop of resistance 0.005 ohm 
and of radius 0.1 m is placed inside 
the tube with its axis coinciding 
with the axis of the tube. 


P 


| 
The current varies as I = Igcos(300t) where Ip is 
constant. If the magnetic moment of the loop is 
Nutolosin(3001), then N is 


(Integer Answer Type, 2011) 


ALTERNATING CURRENT 


Paragraph for Questions 32 and 33 
A thermal power plant produces electric power of 
600 kW at 4000 V, which is to be transported to a place 
20 kmaway from the power plant for consumers’ usage. 
Itcan be transported either directly with a cable of large 
current carrying capacity or by using a combination of 
step-up and step-down transformers at the two ends. 
The drawback of the direct transmission is the large 
energy dissipation. In the method using transformers 
the dissipation is much smaller. In this method, a 
step-up transformer is used at the plant side so that the 
currentis reduced to a smaller value. At the consumers’ 
end, a step-down transformer is used to supply power 
to the consumers at the specified lower voltage. It is 
reasonable to assume that the power cable is purely 
resistive and the transformers are ideal with a power 
factor unity. All the currents and voltages mentioned 
are rms values. 


32, Inthe method using the transformers, assume that 
the ratio of the number of turns in the primary to 
that in the secondary in the step-up transformer 
is 1: 10. If the power to the consumers has to be 
supplied at 200 V, the ratio of the number of turns 
in the primary to that in the secondary in the 
step-down transformer is 


(a) 200:1 (b) 150:1 (c) 100:1 (d) 50:1 
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33. 


34, 


35. 


36. 


Tf the direct transmission method with a cable of 
resistance 0.4 Q km”'isused, the power dissipation 
(in %) during transmission is 


(a) 20 (b) 30 (cœ) 40 (d) 50 


(2013) 
In the given circuit, 100KF 1000 
the AC source has 
w% = 100 rad/s. O5H 509 
Considering the 


inductor and 1 
capacitor to be 20v 
ideal, the correct 
choice(s) is/are 
(a) the current through the circuit, I is 0.3 A. 
(b) the current through the circuit, lis 0.3V2 A. 
(c) the voltage across 100 Q resistor = 10V2 V, 
(d) the voltage across 50 Q resistor = 10 V. 

(2012) 
A series R-C circuit is connected to AC voltage 
source. Consider two cases; (A) when Cis without 
a dielectric medium and (B) when C is filled with 
dielectric of constant 4. The current Ig through the 
resistor and voltage Ve across the capacitor are 
compared in the two cases. Which of the following 
is/are true? 
@) I> Tg ©) IR<IR 
(o) Va>ve (d) vê< vË (2011) 
A series R-C combination is connected to an AC 
voltage of angular frequency w = 500 radian/s. If 
the impedance of the R-C circuit is RV1.25, the 
time constant (in millisecond) of the circuit is 


(Integer Answer Type, 2011) 


RAY OPTICS AND OPTICAL INSTRUMENTS 


37. 


38. 


14 


Aray of light travelling in the direction RG V3) 


is incident on a plane mirror. After reflection, it 


travels along the direction 1(?- V39). The angle 
of incidence is 2 

(a) 30° (b) 45° 

(c) 60° (d) 75° (2013) 
The image of an object, formed by a plano-convex 
lens at a distance of 8 m behind the lens, is real and 
is one-third the size of the object. The wavelength 


of light inside the lens is 2 times the wavelength 


in free space. The radius of the curved surface of 

the lens is 

(a) im (b) 2m (3m (d) 6m 
(2013) 
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39. A right angled prism of refractive index p is 
placed in a rectangular block of refractive index 
Hy, which is surrounded by a medium of refractive 
index p, as shown in the figure. A ray of light ʻe’ 
enters the rectangular block at normal incidence. 
Depending upon the relationships between 
Mi H2 and py, it takes one of the four possible 
paths ‘ef’, ‘eg’, ‘eh’ or ‘ei’. 


Match the paths in List I with conditions of 
refractive indices in List II and select the correct 
answer using the codes given below the lists: 


List I | List 1 


| 
P fe>f |L |p >am | 
Q emg 2. p2>p and p> Hs | 
R. leoh |3. | m=p | 
| 
S je>i 4 yyy < v2, and yp> Hs | 
Codes : 
P QR S 
@2 3 1 4 
(b)1 2 4 3 
Q4 1 2 3 
(d)2 3 4 1 (2013) 


40. Abi-convex lens is formed 
with two thin plano-convex 
lenses as shown in the figure. 
Refractive index n of the first 
lens is 1.5 and that of the 
second lens is 1.2. Both the 
curved surfaces are of the 
same radius of curvature R = 14 cm. For 
this bi-convex lens, for an object distance of 
40 cm, the image distance will be 
(a) -280.0 cm (b) 40.0 cm 


(c) 21.5 cm (d) 13.3 cm (2012) 


Paragraph for Questions 41 and 42 
Most materials have the refractive index, n >1. So, when 
alightray fromairenters anaturally occurring material, 


sin®, _ "2 it is understood that 
sino, m 


R=14 cm 


then by Snell's law, 


the refracted ray bends towards the normal. But 
it never emerges on the same side of the normal as 
the incident ray. According, to electromagnetism, 
the refractive index of the medium is given by the 


relation, n=(£)=+ fe, 1, where c is the speed of 


electromagnetic waves in vacuum, v its speed in the 
medium, £, and p, are the relative permittivity and 
permeability of the medium respectively. 

In normal materials, both e, and p, are positive, 
implying positive n for the medium. When both e, 
and p, are negative, one must choose the negative 
root of 1. Such negative refractive index materials 
can now be artificially prepared and are called 
meta-materials. They exhibit significantly different 
optical behaviour, without violating any physical 
laws. Since n is negative, it results in a change in 
the direction of propagation of the refracted light. 
However, similar to normal materials, the frequency of light 
remains unchanged upon refraction even in meta-materials. 


41, For light incident from air on a meta-material, the 
appropriate ray diagram is 


Air Air 


(a) 


(b) 


‘Meta-material 


b > 
‘Meta-material 


(c) (d) 


Meta-material/: 


Meta-material 


42. Choose the correct statement. 
(a) The speed of light in the meta-material is 


v=clnl. 
(b) The speed of light in the meta-material is 
c 


va 


inl 

(c) The speed of light in meta-material is v = c. 
(d) The wavelength of the light in the meta- 
material (Am) is given by Am = Aairlnl, where 

dairis the wavelength of the light in air. 

(2012) 
43. A light ray travelling in glass medium is incident 
on glass-air interface at an angle of incidence 8. 


The reflected (R) and transmitted (T) intensities, 
both as function of 0, are plotted. The correct 
sketch is 


100% 


100% 
Š 2 


@ f 
0 
100%] 100% 
oğ i 
S 


0" 
(2011) 


44. 


Water (with refractive index=*) in a tank is 


18 cm deep. Oil of refractive index Z lies on water 
making a convex surface of radius of curvature 
R = 6 cm as shown. Consider oil to act as a thin 
lens. An object S is placed 24 cm above water 
surface, The location of its image is at x cm above 
the bottom of the tank. Then x is 


(Integer Answer Type, 2011) 


WAVE OPTICS 


45, In the Young's double slit experiment using a 
monochromatic light of wavelength A, the path 
difference (in terms of an integer n) corresponding, 
to any point having half the peak intensity is 


(a) ane 


a b A 
3 (b) Qr+D7 


a a 
= d nash 
© Qn+ns @ ndi 


(2013) 


46. Young’s double slit experiment is carried out by 
using green, red and blue light, one color at a 
time. The fringe widths recorded are Bg, Pr and 
Ba, respectively. Then, 
(a) Bo> Bs> Br 
(© Br> Bp> Bo 


(b) Ba> Bo> Br 


(d) Br>Bo>Bs (2012) 
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DU. 


NATURE OF RADIATION AND 
MATTER 


47. The work functions of Silver and Sodium are 4.6 
and 2.3 eV, respectively. The ratio of the slope of 
the stopping potential versus frequency plot for 
Silver to that of Sodium is 

(Integer Answer Type, 2013) 


48. A proton is fired from very far away towards 
a nucleus with charge Q = 120e, where e is the 
electronic charge. It makes a closest approach of 
10 fm to the nucleus. The de Broglie wavelength 
(in units of fm) of the proton at its start is 

(Take the proton mass, m, = G )x 10” kg; 

"42x107 J s/C; 

e 

<1 =9x10° m/F;1 fm =10" m) 
Ane 
(Integer Answer Type, 2012) 


49, A silver sphere of radius 1 cm and work function 
4.7 eV is suspended from an insulating thread in 
free-space. It is under continuous illumination of 
200 nm wavelength light. As photoelectrons are 
emitted, the sphere gets charged and acquires a 
potential. Themaximumnumberof photoelectrons 
emitted from the sphere is A x 102 (where 
1<A<10). The value of Z is 

(Integer Answer Type, 2011) 


ATOMS 


50. The radius of the orbit of an electron in a 
Hydrogen-like atom is 4.5 ay, where ag is the Bohr 


radius. Its orbital angular momentum is x -Itis 
n 


given that /r is Planck constant and R is Rydberg 
constant. The possible wavelength(s), when the 
atom de-excites, is (are) 


(a) (b) 


(2013) 
51. The wavelength of the first spectral line in the 
Balmer series of hydrogen atom is 6561 A. The 
wavelength of the second spectral line in the 
Balmer series of singly-ionized helium atom is 
(a) 1215A (b) 1640 A 
(c) 2430A (d) 4687 A (2011) 


NUCLEI 


52. A freshly prepared sample of a radioisotope of 
half-life 1386 s has activity 10° disintegration 
per second. Given that In 2 = 0.693, the fraction of 
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the initial number of nuclei (expressed in nearest 
integer percentage) that will decay in the first 80 s 
after preparation of the sample is 
(Integer Answer Type, 2013) 
Paragraph for Questions 53 and 54 
The mass of a nucleus 4X is less than the sum of the 
masses of (A-Z) number of neutrons and Z number 
of protons in the nucleus, The energy equivalent to 
the corresponding mass difference is known as the 
binding energy of the nucleus. A heavy nucleus of 
mass M can break into two light nuclei of masses m 
and mh only if (m + m) < M. Also two light nuclei of 
masses m3 and m4 can undergo complete fusion and 
form a heavy nucleus of mass M’ only if (m3 + m4) > M’. 
The masses of some neutral atoms are given in the 
table below : 


IH | 1.007825 u tH) 2.014102u | 
jH 3.016050 u $He 4.002603 u | 
SLi 6.015123 u SLi [701609 u | 
Zn 69.925325 u Sise | 81.916709 u | 
Wad | 151.919803 u 206Pb | 205.974455u | 
*QBi | 208.980388u | 74Po | 209.982876u | 


(1 u=932 MeV/c?) 
53. The kinetic energy (in keV) of the alpha particle, 
when the nucleus *4°Po at rest undergoes alpha 
decay, is 
(a) 5319 (b) 5422 
54. The correct statement is 
(a) The nucleus SLi can emit an alpha particle. 


(© 5707 (d) 5818 


(b) The nucleus ?10Po can emit a proton. 
(©) Deuteron and alpha particle can undergo 
complete fusion. 
(d) The nuclei 20Zn and 825e can undergo complete 
fusion. (2013) 
55. Match List I of the nuclear processes with List II 
containing parent nucleus and one of the end 
products of each process and then select the 
correct answer using the codes given below the 


lists : 

| List I List II ] 
P. Alphadecay |1. HOS ENY.. 
Q. | B* decay 2 | 3BU > Th +... 
R. | Fission 3. | SBI Pb +... | 
S. | Proton emission |4. | ?8°Pu— !0La +... 


Codes : 
P 
(a) 4 
(b) 1 
() 2 
(d) 4 1 (2013) 
Paragraph for Questions 56 and 57 
The f-decay process, discovered around 1900, is 
basically the decay of a neutron (n). In the laboratory, 
a proton (p) and an electron (e°) are observed as the 
decay products of the neutron, Therefore, considering 
the decay of a neutron as a two-body decay process, it 
was predicted theoretically that the kinetic energy of 
the electron should be constant. But experimentally, 
it was observed that the electron kinetic energy has 
a continuous spectrum. Considering a three-body 
decay process, i.e., n — p + e~+%,, around 1930, Pauli 
explained the observed electron energy spectrum. 
Assuming, the anti-neutrino (0,) to be massless and 
possessing negligible energy, and the neutron to 
be at rest, momentum and energy conservation 
principles are applied. From this calculation, 
the maximum kinetic energy of the electron is 
0.8 x 10° eV. The kinetic energy carried by the proton 
is only the recoil energy. 


5 
3 
4 
3 


eH end 
nenea 


56. If the anti-neutrino had a mass of 3 eV/c? (where 
cis the speed of light) instead of zero mass, what 
should be the range of the kinetic energy, K, of the 
electron? 

(a) 0S K<0.8% 10% eV 
(b) 3.0eV<KS0.8 x 106 eV 
(c) 3.0 eV < K<0.8 x 10° eV 
(d) 0< K<0.8 » 106 eV 


57. Whatis the maximum energy of the anti-neutrino? 
(a) Zero 
(b) Much less than 0.8 x 10° eV. 
(c) Nearly 0.8 x 10° eV. 


(d) Much larger than 0.8 x 10° eV. (2012) 


58. The activity of a freshly prepared radioactive 
sample is 10" disintegrations per second, whose 
mean life is 10° s. The mass of an atom of this 
radioisotope is 10°25 kg. The mass (in mg) of the 
radioactive sample is 

(Integer Answer Type, 2011) 


PRACTICAL PHYSICS 


59. The diameter of a cylinder is measured using a 
Vernier callipers with no zero error. It is found 
that the zero of the Vernier scale lies between 
5.10 cm and 5.15 cm of the main scale. The Vernier 
scale has 50 divisions equivalent to 2.45 cm. The 


24th division of the Vernier scale exactly coincides 
with one of the main scale divisions. The diameter 


of the cylinder is 
(a) 5.112 cm (b) 5.124 cm 
(© 5.136 cm (d) 5.148cm (2013) 
60. In the determination of Youngs modulus 
(v =tMlg ) by using Searle's method, a wire of 
mld 


length L = 2 m and diameter d = 0.5 mm is used. 
For a load M = 2.5 kg, an extension / = 0.25 mm 
in the length of the wire is observed. Quantities 
d and | are measured using a screw gauge and 
a micrometer, respectively. They have the same 
pitch of 0.5 mm. The number of divisions on 
their circular scale is 100. The contributions to the 
maximum probable error of the Y measurement 
(a) due to the errors in the measurements of d 
and l are the same. 

(b) due to the error in the measurement of d is 
twice that due to the error in the measurement 
ofl. 

due to the error in the measurement of | is 
twice that due to the error in the measurement 
ofd. 

due to the error in the measurement of d 
is four times that due to the error in the 
measurement of l. (2012) 


© 


(C) 


61. The density of a solid ball is to be determined in an 
experiment. The diameter of the ball is measured 
with a screw gauge, whose pitch is 0.5 mm and 
there are 50 divisions on the circular scale. The 
reading on the main scale is 2.5 mm and that on 
the circular scale is 20 divisions. If the measured 
mass of the ball has a relative error of 2%, the 
relative percentage error in the density is 
(a) 0.9% (b) 24% (c) 3.1% (d) 4.2% 

(2011) 


SOLUTIONS 


1. (b, d): The situation is as shown in the figure. 


For a non-conducting uniformly charged solid 
sphere 


1 Or 


= = (Forr<R 
mite = gaa ge POET) 
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Q orr>R) 


‘outside = 


Amey r? 
At point A, 
If net electric field is zero, then 
1 Q __1 QR 


Ane, (2R)? 4ney (2R)? 


4 4 
1 aP 1 3 TOR PR 


ES 3 = ê =4 
Amey (2R)? Ane (2R) P2 
At point B, 
If net electric field is zero, then 
i Q@ 1 2 
Ame, (2R)? Ame, (5R) 


4 4 
1 3P 1 372R P 


Ame, (2R) 4neg (5R} 
Pi 82 
o 3 


(a, c, d) : Position of all the charges are symmetric 
about the planes, x=+ 5 and r=- $ So net 


electric flux crossing the plane x =+ 7 is equal to 
the net electric flux crossing the plane x=- z 

Similarly, the net electric flux crossing the plane 
y= + is equal to the net electric flux crossing 


the plane y=- z 
According to Gauss’s law, 
The net electric flux crossing the entire region is 
o= Minside 34-41-44 
£9 & Eo r 
Charges are symmetrically placed about z =+% 


and x =+5 planes. So net electric flux crossing 
the plane z= +5 is equal to the net electric flux 
crossing the plane x =+ T 

(6): Electric field at point P due to long uniformly 


charged solid cylinder is 
pR? _ pR 


152R) 4eg 
Electric field at point P due to spherical cavity is 


ele) 
3 \2) _ PR 
(2R)? 96eg 


1 
B= 
Z Ante 
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The electric field at the point P = E; - Ez 


= PR _ PR -Rf 
deg 96eg 4E 


(c): z 
(20,08 (a, m a) 
S 


Ko, 0, 0) (0, a, 0) 
x 


Here, Ë= Egt 
In this problem, à, y and 2 are the unit vectors 
along x, y and z axes respectively 
. Shaded area, A= PO x PS 
A=(0X+aH+02)x(ak+04 +02) = (aX -a?2) 
= E-A=(Ey3)-(a? - a? 2) = Ega? 


(a,b,c,d): 
© o 


Before connection 


Qn Qg 


After connected by a wire 
Electric field is zero inside a conductor. 


inside _ 9 
Hence, (a) is correct. 
As equal charge is given to both the spheres 


the potential V (= 2) of smaller sphere will be 


higher and hence charge will flow from smaller 
sphere to large sphere when they are connected 
by a thin wire. 

After connection, 


Va = Vp 
1&1 Q% 
4ney Ra Areg Ry 
Qa Ra 
Qs Rp (i) 


x Ry<R,4 (Given) 
Hence, (b) is correct. 


= Qa>Qz 


Charge density, o= Chae 
Area 
fe Qa nd òpe Qs 
4nRA AnRg 
Sa _ QaRe 
On QRA 
Ra | Rg j Rg 
=Z IR | =p. (Using(i (ii 
(# Re} TRE (Using 0) (i) 


Hence, (c) is correct. 


Electric field on the surface, E = 


£ 
A ponsurface BN and E gies -%8 

0 £o 
Eye 9% _ Ry . 
porsuk “og Ry (Using (ii)) 


t Rp < Rq (Given) = Egrsurface < pon surface 


Hence, (d) is correct. 


(3): 


2F, 
= Totalforce on AB =2F, +> 
my 


2 2 2 
_ 29 x 2q -1 ox 1 
Anega? Amey 2a? V2 Anega? v2 


In equilibrium, 


È 1 | 
2+ |=2y 
Anega? [ v2 


(c,d) 


(b, d): When the switch S4 is pressed and released 
the charge on the upper plate of C; is 2CVọ. When 
the switch Sz is pressed and released the charge 
on the upper plate of C; is CV and charge on the 
upper plate of Cp is CVp. When the switch $3 is 
pressed the charge on the upper plate of C; is CVo 
and charge on the upper plate of Cz is —CVo. 


(c,d): 


1 
XV 
As the proton moves at 45° to the vertical. 


mg 
gE=mg or B= "8 
q 


Z y Rome op uted 
d d g q 
Here, m = 1.67 x 10-2” kg 
g=10ms?,d=1cm=1x10?m 
q=1.6x 10C 
Substituting the given values, we get 
167x107 x10x1x10? 


16x10 


s167 4109 V=1x10° V 


x 1.6 


. (d): Electric field due to a uniformly charged thin 


spherical shell 
Inside the shell 

Einside=0 [For r< R] 
On the surface of the shell 
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Q 


surface = Gre, RZ [For r= R] 
Outside the shell 
E, LR [For r >R] 


‘outside = ney A 
The variation of E with 
distance r from the centre 
as shown in the adjacent 
figure. 

Electric potential due to 
a uniformly charged thin 
spherical shell 


Inside the shell 
1 Q 
Vinside = Tre, R [Forr < R] 
On the surface of the shell 
Tg . 
Veurface = ane, R [For r =R] 
Outside the shell 
1 Q 
Voutside = Tar 


The variation of V with 
distance r from the centre 
is as shown in the adjacent 
figure. 


12. (©): In figure 2 uF and 3 pF are in parallel. 

Equivalent 
capacitance is 

Ceq=2+3=5 pF 


The charge on 


the upper plate of 


3 uF capacitoris 2 uF: 


_3uF 


qe x80 
a uF 
=} x80=3 16 = 48 uC 


13. (a,b,c) : 


The electric field along OE and OC are 
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3 uF 


15. 


. (d): 


sameie, Ey =E; =— 2 
eS Ane È 
and Be 
ney L 
q 
E,y =6 x —— — =6K (al OD) 
all tne, 2 (along OD) 


Potential at centre O is zero. 


Potential at line PR is zero because this line is 
equatorial axis for three dipole. 


Initially the charge on 2 pF capacitor is 
Q=2v 
Initially, the energy stored in 2 UF capacitor is 


Ujapx2xV?=V? wai) 
After shifting the switch S to position 2, the charge 


flows and both capacitors acquire a common 
potential. Let Veommon be a common potential. 


Total charge __2V__V 
Total capacity 2+8 5 
Finally, the energy stored in both the capacitors 


‘common = 


alii) 
% Loss of energy = 
v- 
=> x100= 2 «100 = 80% 
á (Using (i) and(ii)) 


(a, b, c, d) : P and Q are at the same potential. 
Hence no current flows in arm PQ, so resistance 
of arm PQ becomes ineffective. 

Also, S and T are at the same potential. Hence, 
no current flows in arm ST, so resistance of 
arm ST becomes ineffective. 

The equivalent circuit is as shown in the figure. 


17. 
12V 
The resistance of the upper arm 
Rı=2Q+2Q+2Q=6Q 
The resistance of the lower arm 
R=4Q+4Q+4Q=12Q 
h 69 
129 
oh h Ir 
12V 
Equivalent resistance of the circuit, 
R Rika CAND _ 4g 
dR, +R, 624120 m 


12V 

Potential difference across A and P, 

Va- Vp=h*2Q=(2A)(29) 

12V-Vp=4Vor Vp=8V 
Potential difference across A and Q, 

Va- V⁄Q9=h*4Q=(1A)(49) 

12V- Q=4Vor%Q=12V-4V=8V (i) 
Potential difference across P and S, 

Vo- Vs=(2A) (2Q)=4V 


8V-Vs=4Vor V=4V Gi) 
From (i) and (ii), we get, Vs < Vg 
16. (b): Applying the condition of balanced 


Wheatstone bridge, we get 
X _(52+1)cm_53 
10Q (48+2)cm 50 


(5): 


6V 19 
el 7 
A B 
a Ls 
a 
E O 
Applying Kirchhoft’s second law for closed loop 
CDEFC we get 
-3-21-1+6=0 
12S BiA 


For the lower path 
Vy -3-2x1=V 
Va- VB=5V 
We can also find the Vig by considering the upper 
path 
For the upper path, 
Va-6+1%1=Vp 
Va-Vp=5V 


(a, c) : The situation is as shown in the figure. 


Here, ii, = 4i ms 

it, =2(V3 i+ f) ms” 
When the charged particle enters in a uniform 
magnetic field, it travels a circular path. 
Component of final velocity of particle is in 
positive y direction. 
Centre of circle is present on positive y-axis. 


So, magnetic field is present in negative 
z-direction 
Angle of deviation 
l 
=-—® -M0 ( 28) 
(QB/M) QB OW” °° Me 
p=-M0 Mn ___ 4249 ms=1095) 
Qt 6Qx10x107 
_100Mn _ 507M 
6Q 3Q 
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19. 


(a, d) 


20. (b) 


21. 


22. 


23. 


24. 


22 


(b): According to Faraday's la 


fë d=- = Efdi=- San) 


E2nR = -428 
dt 
zR?B dB _ B- 
2R (: ad * = (Given) 
BR 
\r|= 88 
2 


=-— or 
2 


fete 


Here, E= Ep j, B =B} 

If © = 0°, then due to magnetic force path is 
circular but due to electric force qEo (Î) q will have 
accelerated motion along y-axis. So combined 
path of q will be a helical path with variable pitch. 
So (a) and (b) are wrong. 


If 6 = 10° then due to vcos®, path is circular and 
due to qEg and vsin®, q has accelerated motion 
along y-axis so combined path is a helical path 
with variable pitch. So (c) is correct. 

If 6 = 90° then Fp = 0 and due to qEg motion is 
accelerated along y-axis. So (d) is correct. 


(5): Magnetic field at point P due to cylinder 


= Hola 
2na 2 


Hola 


Xu; =5 


A=|a?+4x 25 


Therefore, the magnetic moment of the current 
loop is 
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25. 
26. 
27. 


29. 


M=IxA 
(d) 


(b, d) 
(a): 


Take an element of thickness dr at a distance r 
from the centre of spiral coil. 
Number of turns in spiral = 
Number of turns per unit thickness 
N 


b-a 


Number of turns in element dr is, dN = x 

=a 
Magnetic field at the centre of the spiral due to 
current in element dr is 


Ho 2ndNI _ Mol gy _ Hol Ndr 
r 2r 2r (b-a 


4n 
Hol ri 
2 b-a) r 
Total magnetic field at the centre of the spiral due 
to current through the wire is 
m(?) 
a 


dB = 


dr 


_ fF MolNdr — polN 


= jz = HoN 
J 2(b=a)r 2(b=a)) r 


2(b — a) 


. (c) : Induced electric field and magnetic field form 


closed loops. 
(7): Let a current I flows through the circular 
loop. 
The magnetic field at the centre of the square loop 
due to circular 100p, 

_ MolR? HolR? pol 

ARZ +R A4R7V 16R 
Magnetic flux linked a the square loop 
6 = NBAcos45° 


Le oe RA Hola? 
16R 8v2R XR 


_ Bola? 


=2x 


27 
So, mutual inductance between the loops is 
9 Hola? _ poa? _ poa? 

I lR XR PËR 
s p=7 


30. (a,c): 


31. 


32. 


Total flux associated 
with the loop is zero. 
Induced emf in 
any case is zero. 
(6): According to Ampère’s circuital law the 
magnetic field inside the tube is 


AI 
B | @p 


puto! wi) 
where L is the length of the tube. 
Flux linked the wire loop is 
= Brr? 
where ris the radius of the loop 
$= Poly (Using (i)) 


= e 2], cos300t 


L 
Induced emf in the loop is 


d 
Bopi (Hrn cosaoor ) 
dt iF 


_ Hot? 1300sin 3008 


L 
Induced current in the loop is 

_ 3009tr7Zy sin 300 

LR 

where R is the resistance of the loop 


Magnetic moment of the loop M = inr? 
_ 3007°r*uglgsin300t 


Substituting the piven values, we get 
300 x 10 x (0.1)" 
= — T0 x 0.005 
= 6polosin300t 
According to question, 
M = Nuolosin300t 
(a): For a transformer, 


Holy sin300¢ (Take 7° =10) 


N=6 


VY) = 4000 V 


10" 


A 10 
= Vy = (4000 (£) = 40,000 V 
PN, al 1 
For a step-down transformer, 


N, 
Here, woe Vp = 40,000 V, Vs = 200 V 


N, _ Vp _ 40,000 V _ 200 


V 200V 1 
Np: Ns=200:1 


33. 


34. 


35. 


(b): P= VI 
3 
_ P _ 600 kW _ 600x10 W 2150A 
vV 4000 V 4000 V 


Resistance of the cable, 
R=04Q km x 20km=8Q 
Line power loss = R = (150 A)?(8 Q) 
= 180 x 10° W = 180 kW 


Ww 
x 100 = 30% 


% | 0 k 
% loss = 00kW a kW 


(a,c): 
Here, o = 100 rad/s, L = 0.5 H, 
C=100 uF, V=20 V 
X,=0L = 100 * 0.5 =50Q 
1 1 
Reece = 1002 
© @C 100 x 100« 10 


Impedance across capacitor arm, 


9 2 $ 
Z =\R? +x} 
Xc=100 pF R, =100 Q 


= (100)? + (100)? ia 


Z, =100V2.Q th Leto: 
A R= 502 
pee oe = 
1 100/2 5/2 iN! 
Voltage across 100 Q 
V=h x100=—~ x 100=10V2 V 


a 


Impedance across inductance arm, 


= YR? +(X))? = 


a 2 
_ 20 2 
5042 


(50)? + (50)? 


50 =10V2 V 


= 


ME A at 45° lagging, 


Current through circuit 


no Ee 


(b,c) : In case A, 
The capacitive reactance is 
1 
xé-— 
aro 
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36. 


37. 


24 


Impedance of the circuit is 


wai) 
(ii) 
In case B, 
The capacitive reactance is 
p- 1 _ 12 
E @(AC) 40C 


Impedance of the circuit is 
Be 
Zg =R? or Ip = 


v= 


wiv) 


2 
1 
ad 
v 
(4RoC)? +1 


From (i) and (iii), we conclude that 


Mei 
From (ii) and (iv), we conclude that 
Va >ve 
(4): Here, = 500 radian/s C oR 
The capacitive reactance is 1t 
eat A 


The impedance of the circuit is 


2 
2 2 1 
Z= JR? + (Xo)? =R +(4) 


=4 millisecond 
The time constant of RC circuit, t= RC =4 ms 


o: bep F-a) 
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39. (d): 


Let 0 be angle between the given rays. 


(ma) 3 


a 
coso FA 2 J 4 -_- 


ally Al i 2 
iii} 
2 2 


o=cos'(-1}=120° 
2 


Angle of incidence, 


j= 180°-0 _ 180° -120° _ 
2 2 


30° 


38. (c): Image is formed behind the lens. 


n v=+8m 
As the image is real 
I v_1 
Gi ee 
Ou 3 
u=-3v=-3(8 m)=-24m 
According to lens formula 


atal ae 

vu f 8 -A f 

iLi Tat 

atap a7 oem i) 


Refractive index of the material of the lens is 
_ Wavelength of the light in free space 
~ Wavelength of light inside the lens 


=o 3 fii) 
z, 2 
3% 
According to lens maker’s formula 


1 1 1 

ee ole 

jog ze] 

For plano-convex lens, Ry = R and R = 
FED orR=fu-1) i) 

Substituting the value of p and f from Eqs. (i) and 

(ii) in (ii), we get 

R=(6m)(1.5-1)=3m 


40. 


41. 


Fore f 
2> Hy, as ray bends towards the normal. 
Ht > Hy, as ray bends away from the normal. 
P32 
Fore >g 

= p as there is no deviation. 
Q>3 
Fore >h 
Hy < Hy, as ray bends away from the normal 
Hy > H, as ray bends away from the normal. 
Also, jt, < V24, (No total internal reflection) 
R>4 
Fore>i 
Total internal reflection takes place 

sin45° > sinC 


But sinc = #2 
1 


1h 
> = n> vn, 
om 
S=>1 
(b): According to lens maker’s formula 
Ja oe -5) n=15 4) n=12 
f Ri R 
For the first lens 
n=15, Ry =+ 140m, R= 
1 5 ae 0.5 
>=(15-1 (4-1)-% R=14 R =14 cm 
AO Maa) 4 
For the second lens, 
n=1.2, Ry =œ, R=- 14cm 
4 -a2-n(4-4)- 02 
5 oo 14) 4 
The focal length of the bi-convex lens is 
11,105 02.07 1 
FR h wu 420 
According to thin lens formula 
Here, u =- 40 cm 
A 14 + ove 40 cm 


v 40-20" v20 40 
(©): For meta-material, the refractive index is 
negative. Let n is refractive index of air and n2 is 
refractive index of meta-material. 

From Snell's law 

sinO; _ m 

sind, m 
Since nz is negative, therefore 0, is also negative. 
Hence, appropriate diagram (c) is correct. 


42, 


43. 


45. 


(b): Refractive index for a medium 


c 
n=|£ 
v 
For meta material, n = |n| 
g 


inl 


(0): When 6 < 0, (critical angle) there will be 
partial transmission and reflection will takes 
place. When @ > 0,, there will be 100% reflection 
takes place so transmitted intensity = 0. 


. (2): In case of refraction from a curved surface, 


[es R = d 
v u R 
Refraction at air-oil interface 
Here, u =- 24 cm, v =v, p =1, 


Hz Z, R=+6em 
F 
7 1 G) 
4, 
og iS. oy Pied oy cop em 
To 24°24 mw, 12 


This image will act as object for the oil-water 
interface. 
Refraction at oil-water interface 


Here u=+21 em, v=0y pi =Z, Hy= 
ONG yp chee 
3m 21 Bu, 84 
2) = 16cm 


Hence, x = (18 - 16) cm =2 cm 


(b): As T= Imax cos*(2) 


Here, I 


Fox = 


niet) > 


= coso=0 > = 
d 
or o=Qn+)5 where n = 0, 1, 2, ... 


Since phase difference = a x Path difference 


Path difference = 2 x Phase difference 
T 


= =Axentnt =Qne14 
2n 
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46. 


47. 


48. 


49, 


26 


(d): Fringe width, B = a 
n Bock 
ASAg>Ag> An = Br>Bo> Ba 
(1): According to Einstein’s photoelectric equation, 
Kmax = hv = 0o 
where the symbols have their usual meaning. 
But Kmax = eV, where V is the stopping potential 
voit 

e e 
Thus, the graph between V,- v is a straight line. 
nx +C 


Compare the above relation with y 
h 


Slope of V- v graph 


e 


It is same for both the metals. 
Ratio of the slopes = 1. 


p 2 
(7): As 1 (120e\(0) P wi) 
4ney 10x107 2m, 
where p is the momentum of the proton and mp is 
the mass of the proton 


de Broglie wavelength of proton, 


h h 
Ass == 
or pay 
Substituting this value of p in equation (i), we get 
1 120 i? 


4ne 10x10 24m, 


_ Ane, x10 x 1079 x h? 
2m, x 1200 
Substituting the given numerical values, we get 


p2 1x10% 10% x 4.2% 10° x 42x 10° 


LS 


9x 10° x2% 5x107 x 120 


_4.2x4.2x 10 x 1074 
36x107 
À=7x105m=7fm 
(7) : Here, radius of sphere R =1 cm=1 » 10 m 
Work function, W = 4.7 eV 
Energy of incident radiation 
_ he _1240eV nm 
LS 200 nm 
=6.2eV 
According to Einstein's 
photoelectric equation 


(Take he = 1240 eV nm) 


: e 
hc 
L AW+eV, 
X ae 
62eV=4.7eV+eK, 
V=15V 
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The sphere will stop emitting photoelectrons, 
when the potential on its surface becomes equal 
to 1.5 V. 


— £215 
Aneg R 

1 Neas 
4ney R 


where N = Number of photoelectrons emitted 
e= charge of each electron 


y=- 15XR ___15x1x10° 
l ve 9x10 x16x10 
Ane, 

nab xt 108-5 x108 
169 48 


N 
Q 
N 


x10 = 1.04107 +. 


. (a, o) : According to Bohr’s quantisation condition 


pats 
2n 

Given: iatt y h M ag 
2n 2n 2n 


Radius of nt orbit for hydrogen-like atom is 
2 


n 
=o where ap is the Bohr radius 


Here, r, = 4.500 
4.5ag = (3) 
Z 45 
The possible transitions are as shown in the figure. 
n=3 
n=2 


n=1 
According to Rydberg formula 


tirz(t-t 
non 


The corresponding emitted wavelengths are 
Forn=3—n=2 


i gii 
nara Card 


32 3 


=4n(i-})=4n(2=4 
4 9 36 
9 


5R 
Forn=2>n=1 


= Ison ” 


Contd. on page no. 88 
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From the top of a tower, a particle is thrown 
vertically downwards with a velocity of 10 ms". 
The ratio of the distances covered by it in the 3 
and 2™ seconds of its motion is (Take g = 10 m s?) 
(a) 7:5 (b) 3:4. (©) 4:3 (d) 6:5 


The area enclosed by a circle of diameter 1.06 m to 
correct number of significant figures is 

(a) 0.88 m? (b) 0.088 m? 

(c) 0.882 m? (d) 0.530 m? 


A 40 kg slab rests on a frictionless floor. A 10 kg 
block rests on top of the slab. The static coefficient 
of friction between the block and the slab is 0.60 
while the kinetic coefficient of friction is 0.40. The 
10 kg block is acted upon by a horizontal force of 
100 N. If g=9.8 m s%, the resulting acceleration of 
the slab will be 


100 N 410 kg 
Bo fcto ENE kg 
(b) 1.69m 


(d) 0.98 m s 


An infinite non-conducting sheet has a surface 
charge density o =0.1 pC m~ on one side. How far 
apart are equipotential surfaces whose potentials 
differ by 50 V? 


(a) 8.86 mm (b) 8.8 um 
(©) 8.8 cm (d) 8.8 pm 
Two wires of same metal have the same length but 
their cross sections are in the ratio 3 : 1. They are 


joined in series. The resistance of the thicker wire 
is 10 Q. The total resistance of the combination is 
5 
@ 5 
The torque required to hold a small circular 
coil of 10 turns, 2 x 10+ m? area and carrying 
0.5 A current in the middle of a long solenoid of 
10° turns per m carrying 3 A current, with its axis 
perpendicular to the axis of the solenoid, is 


Q (b) 2 Q (c) 402 (d) 1002 


PRACTICE PAPER 2 Q 1 


AIIMS 


s 


Exam on 
15t June 
2014 


(a) 12n x107Nm 
(©) 4nx107Nm 


(b) 6nx107Nm 

(d) 27x 107N m 

The length of a second pendulum is 1 m on the 
Earth. If the mass and diameter of a planet is 
double than that of the Earth, then the length of 
second pendulum on the planet becomes 

(a) im (b)2m (c) 05m (d)4m 
Work done in increasing the size of a soap bubble 
from a radius of 3 cm to 5 cm is nearly (surface 
tension of soap solution is 0.03 N m”) 

(a) 04r m] (b) 4nmJ 

(©) 0.21m] (d) 2n mJ 


An ideal gas undergoes cyclic process ABCDA as 
shown in given P-V diagram. 


eV 
ELA 


The amount of work done by the gas is 
(a) 6PoVo (b) -2P Vi, 
(€) 2PoVo (d) 4PoVo 


. A stretched string of length 1 m and mass 


5 x 10+ kg, fixed at both ends, is under a tension 
of 20 N. If it is plucked at points situated at 25 cm 
from one end, it would vibrate with a frequency 
(a) 400 Hz (b) 200 Hz 

(©) 100 Hz (d) 256 Hz 


. A body of mass 5 kg is moving with a momentum 


of 10 kg m s”. A force of 0.2 N acts on it in the 
direction of motion of body for 10 s. The increase 
in its kinetic energy is 
(a) 28) 
(© 38] 


(b) 3.2] 
(d) 44) 
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12. One quarter sector is cut from a uniform circular 


13. 


14. 


15. 


16. 


17. 


28 


disc of mass M and radius R, as shown in figure. 
It is made to rotate about a line perpendicular to 
its plane and passing through the center of the 
original disc. Its moment of inertia about the axis 
of rotation is 


aS 


(a) 


(b) 


lmr 
4 


© (d) V2MR? 


A ball is projected upwards from the top of tower 
with a velocity 50 m s making an angle 30° with 
the horizontal. The height of tower is 70 m. After 
how many seconds the ball reach the ground? 

(a) 5s (b) 12s 

(© 7s (a) 15s 


The bob of a simple pendulum is of mass 10 g. 
It is suspended with a thread of 1 m. If we hold 
the bob so as to stretch the string horizontally and 
release it, what will be the tension at the lowest 
position ? (Take, g= 10 m s?) 

(a) zero (b) 0.1N 

(© 03N (a) 10N 

A ray of light moves from denser to rarer medium. 
Which of the following is correct? 

(a) Energy increases 

(b) Frequency increases 

(c) Phase change by 90° 

(d) Velocity increases 


A beam of light of wavelength 600 nm from a 
distant source falls on a single slit 1 mm wide and 
the resulting diffraction pattern is observed on a 
screen 2 m away, The distance between the first 
dark fringes on either side of the central bright 


fringe is 
(a) 1.2cm (b) 1.2mm 
(©) 24cm (d) 2.4mm 


In a plane electromagnetic wave electric field 
varies with time having an amplitude 1 V m”. 
The frequency of wave is 0.5 x 10'S Hz. The wave 
propagation is along x-axis, What is the average 
energy density of magnetic field? 
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18. 


19, 


(a) 11*10"Jm3 (b) 2.2 x102] m> 
(© 33x10Jm® (d) 44x10] m° 


If a star convert all the He nuclei completely into 
oxygen nuclei, the energy released per oxygen 
nucleus is [Mass of He nucleus is 4.0026 and mass 
of Oxygen nucleus is 15.9994 amu] 

(a) 76 MeV (b) 56.12 MeV 

(€) 10.24 MeV (d) 23.9 MeV 


If a Zener diode (Vz = 5 V and I, = 10 mA) 
is connected in series with a resistance and 
20 V is applied across the combination, then the 
maximum resistance one can use without spoiling 
Zener action is 


(a) 20kQ (b) 15KQ (c) 10kQ (d) 1.5kQ 


. If the rms current in a 50 Hz ac circuit is 5 A, the 


21. 


23. 


value of the current (1/300) seconds after its value 
becomes zero is 


(a) 5V2A (b) 5¥3/2 A 
© 5/6A (d) 5/V2a 


A 150 ohm resistor and an inductance L are 
connected in series to a 200 V, 50 Hz source of 
negligible impedance. The current comes to 1.0 A. 
When the source is changed to 400 V, 100 Hz, the 
current will be 

(a) less than 1.0 A 

(b) 10A 

(c) between 1A and 2A 

(d) between 4A and 2A 


. A bar magnet of length 3 cm has points A and B 


along its axis at distances of 24 cm and 48 cm on 
the opposite sides as shown in figure. 


Ae . +B 
K— 24 cm —>e— 48 cm— 


Ratio of magnetic fields at these points will be 
(a) 8 ©) 1/2 (©) 3 (d) 4 

In the part of a circuit shown in figure, the 
potential difference between points G and 
H will be 


2A 1A 
Q 
2Q 
3V 1 
3A 
(a) OV (b) 12 V 
© 7V (d) 3V 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


Light of frequency v falls on material of threshold 
frequency vp. Maximum kinetic energy of emitted 
electron is proportional to 

(a) v-v (b) v 


OREN (a) vo 


A 12 Q resistor and a 0.21 H inductor are 
connected in series to an ac source operating at 
20 V, 50 cycle. The phase angle between the current 
and the source voltage is 

(a) 30° (b) 40° (c) 80° (d) 90° 

If the frequency of the source is doubled in 
Young’s double slit experiment, then initial fringe 
width (B) will become 


(a) unchanged (b) R 
(c) 2B (d) 3B 


A block of mass 2 kg is placed on the floor. The 
coefficient of static friction is 0.4. If a force of 2.8 N 
is applied on the block parallel to floor, the force 
of friction between the block and floor is 

(Take, g= 10 m s?) is 

(a) 28N (b) 8N 

(© 2N (d) zero 

A player caught a cricket ball of mass 150 g 
moving at a rate of 20 ms" If the catching process 
in completed in 0.1 s, the force of the blow exerted 
by the ball on the hand of the player is equal to 
(a) 150N (b) 3N 

(©) 30N (a) 300N 

Two discs of the same material and thickness have 
radii 0.2 m and 0.6 m. Their moments of inertia 
about the axes will be in the ratio 

(a) 1:81 (b) 1:27 

(© 1:9 (d) 1:3 

A stone is dropped into a lake from a tower 
500 m high. The sound of the splash will be heard 
at the top of the tower approximately after a time 


of (take velocity of sound in air = 330 m s”) 
(a) 115s (b) 15s 
(©) 10s (d) 14s 


An electron is moving with an initial velocity 
ü=vgİ and is in a magnetic field B= Byj. Then 
its de Broglie wavelength 

(a) remains constant 

(b) increases with time 

(c) decreases with time 

(d) increases and decreases periodically 


The half-life of a radioactive substance is 40 years. 
How long will it take to reduce to one-fourth of 


33. 


34. 


35, 


36. 


37. 


38. 


39. 


its original amount and what is the value of decay 
constant respectively? 

(a) 90 years, 0.917 per year 

(b) 40 years, 0.9173 per year 

(c) 80 years, 0.0173 per year 

(d) none of these 


Application of a forward bias to a p-n junction 
(a) increases the number of donors on the n-side 
(b) increases the electric field in the depletion 
zone 

increases the potential difference across the 
depletion zone 

widens the depletion zone. 


(c 


(d) 
A prism is filled with a liquid of refractive index of 
V2. Ifangle of prism is 60°, the angle of minimum 
deviation is 

(a) 75° (b) 60° — (c) 45°- (d) 30° 

In the relation, y = rsin(wt + kx), the dimensional 
formula for kx or wt is same as 


(a) rjo (b) rly (©) otir (d) yriot 


The velocity of a particle at an instant is 10 m s”. 
After 3 s its velocity will become 16 m s”. The 
velocity at 2 s, before the given instant will be 

(a) 6ms* (b) 4ms? (©) 2ms™? (d) mst 


A circular disc of mass M and radius R is rotating 
with an angular velocity « about an axis passing 
through its centre and perpendicular to the plane 
of the disc. A small point like part of mass m 
detaches from the rim of the disc and continues 
to move with same angular speed. The angular 
velocity of remaining disc just after detaching will 
become 


M=2n) (2+2) 
@ (a p: (a M+m j 

M-2m ( Mazu) 
o (e o (i. 


The point charges Q and -2Q are placed some 
distance apart. If the electric field at the location 
of Q is E, then the electrical field at the location of 
-2Q will be 

(a) -E/2 (b) -3E/2 (c) -E (d) -2E 

A cell of emf 1.5 V and internal resistance 2 Q is 
connected to two resistors of 5 Q and 8 Q in series. 
The potential difference across the 5 Q resistor 
will be 
(a) 33V 
(c) 05V 


(b) 1V 
(a) 0.33 V 


. An electron is projected with uniform velocity 


along the axis of a current carrying long solenoid. 


PHYSICS FOR YOU | vav i4 29 


Which of the following statement about this is 

true? 

(a) The electron will be accelerated along the 

axis. 

The electron’s path will be circular about the 

axis. 

The electron will experience a force at 45° to 

the axis and hence execute a helical path. 

(d) The electron will continue to move with 
uniform velocity along the axis of the 
solenoid. 


Directions : In the following questions (41-60), a 
statement of assertion (A) is followed by a statement 
of reason (R). Mark the correct choice as 


(a) 


(b) 


(c) 
(a) 
41, 


42, 


43. 


44. 


45. 


46. 


47. 


30 


If both assertion and reason are true and reason is the 
correct explanation of assertion. 

If both assertion and reason are true but reason is not 
the correct explanation of assertion. 

If assertion is true but reason is false. 

If both assertion and reason are false. 


Assertion : Temperature of real gases often 
changes when undergoing a free expansion under 
adiabatic condition whereas that of an ideal gas 
does not. 

Reason : First law of thermodynamics holds for 
ideal gas only. 

Assertion : 
forces. 


Reason : Potential energy can be associated with 
frictional forces. 


Frictional forces are conservative 


Assertion : The combination of y = sinot + cos2ot 
is not a simple harmonic function even thought it 
is periodic, 

Reason: All periodic functions satisfy the relation 


& 

ae 

Assertion : A cloth covers a table. Some dishes are 
kept on it. The cloth can be pulled out without 
dislodging the dishes from the table. 

Reason : For every action there is an equal and 
opposite reaction. 


Assertion : An electron moves from a region of 
lower potential to a region of higher potential. 
Reason : An electron has a negative charge. 


Assertion : A 60 W - 220 V bulb glows more than 
a 100 W - 220 V bulb when they are connected in 
series across a potential difference. 

Reason : When they are connected in series, 
resistance of 100 W bulb will be more. 


Assertion : An emf £ is induced in a closed loop 
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49, 


50. 


51. 


52. 


53. 


54. 


55, 


where magnetic flux is varied. The induced 
electric field E is not a conservative field. 


Reason : The line integral of E-dl around the 
closed loop is non-zero. 


Assertion : If an electron and proton possessing, 
same kinetic energy enter an electric field in a 
perpendicular direction, the path of the electron 
is more curved than that of the proton. 

Reason : Electron forms a larger curve due to its 
small mass. 


Assertion : The centre of mass of an electron 
and proton, when released moves faster towards 


proton. 
Reason : This is because proton is heavier, 
Assertion : Generally the path of a projectile 


from the Earth is parabolic but it is elliptical for 
projectile going to a very great height. 

Reason: Upto ordinary height the projectile moves 
under a uniform gravitational force, but for great 
heights, projectile moves under a variable force. 


Assertion : Improper banking of roads causes 
wear and tear of tyres. 
Reason : The necessary centripetal force in that 
event is provided by the force of friction between 
the tyres and the road. 


Assertion : The relative velocity between any two 
bodies may be equal to sum of the velocities of 
two bodies. 

Reason : Sometimes, relative velocity between 
two bodies may be equal to difference in velocities 
of the two. 


Assertion : A double convex lens (jt = 1.5) has 
focal length 10 cm. When the lens is immersed in 
water (u = 4/3), its focal length becomes 40 cm. 


nomen: a EA 2 

f My Ri 
Assertion : Work function of aluminium is 4.2 eV. 
Emission of electrons will not be possible if two 
photons, each of energy 2.5 eV, strike an electron 
of aluminium. 
Reason : For photoelectric emission, the energy 


of each photon should be greater than the work 
function of aluminium. 


Assertion : “Sr from radioactive fallout from 
a nuclear bomb ends up in the bones of human 
beings through the milk consumed by them. It 
causes impairment of the production of red blood 
cells. 


56. 


57. 


58. 


59. 


60. 


Reason : The energetic -particles emitted in the 
decay of ®Sr damage the bone marrow. 


Assertion : In a common-base configuration, the 
current gain of transistor is less than unity. 
Reason : The collector terminal is reverse biased 
for amplification. 


Assertion : When two soap bubble’s of different 
radii are brought into contact, the common 
interface of contact bulges into the bubble of 
larger radii. 

Reason : Pressure inside a soap bubble of lesser 
radius is more than pressure inside a soap bubble 
of larger radius. 


Assertion : For a system of particles under 
central force field, the total angular momentum is 
conserved. 

Reason : The torque acting on such a system is 
zero 


Assertion : If a charged particle is released from 
rest in a region of uniform electric and magnetic 
fields parallel to each other, it will move in a 
straight line. 

Reason : The electric field exerts no force on the 
particle but the magnetic field does. 


Assertion : A rocket moves forward by pushing 
the surrounding air backwards. 

Reason : It derives the necessary thrust to move 
forward according to Newton's third law of 
motion. 


SOLUTIONS 


1. 


(a): The distance covered by the particle in the 
3ds, 


S, =10+ 2 (2x3-1) =35 m 
Distance covered in 2™ s, 


8) =10+ 2 (2x2-1)=25 m 


530 m 


Area enclosed = nr?= 3.14 x (0.53)? 

= 0.882026 m? 

= 0.882 m? (rounded to three significant figures) 
(d): Force of static friction, 

f= u mg =0.60 x 10 x 9.8 =58.8 N 

Since the applied force is greater than f, therefore 
the block will be in motion. 


Force of kinetic friction, 

fe= 0.40 x 10x 9.8 = 4 x 9.8 N 
This would cause acceleration of 40 kg block 
4x9.8 N 


c ion= ——— =0.98 m s? 
Acceleration = “oy ms 
(a): Here, 6 = 0.1 pC m? =0.1 10° C m?, 
dV=50V 
=o 
2e) dr 
2egdV _ 2x8.86 x107? x 50 
or dr= ———“* 
o 0.1% 10 


= 8.86 x 10° m = 8.86 mm 


(c) : For the same length and same material, 


R A 
RAS? or R =3R 
Ri Ag D2 


The resistance of thick wire, R, =10 Q 
The resistance of thin wire = 3R, =3 x 10=30 Q 
Total resistance = 10 + 30 = 40 Q 


(a): Magnetic dipole moment of current loop is 
M=NIA=10 x 0.5 *2*104= 109 A m? 
Magnetic field inside the solenoid carrying 
current, 
B= pnl = 4n x 107 x 10° x3 =127 «104 T 
Torque, t = MBsinð 
= 10° x 12m x 107  sin90° 
=12n x107 Nm 


(c): Acceleration due to gravity on the planet, 


-EM 1g (e= ontan] 
R? 


(2R? 2\ R? J 2 
or £=} 
2 


As for a second pendulum, 


(a): Work done in increasing the size of the soap 
bubble 

= surface tension x increase in area of both the free 
surface of the bubble 

ie. W=T x 2(4nR3 - 4nR?) = 827} - RẸ] 


sr x 0.03 N mr x [(5 x 10? m)?- (3 x 10 m)?] 
3.84n x 104 J = 4n x 10+ J = 0.4m mJ 

(b): Work done 

hange in pressure x change in volume 

(2Py = Py)(3Vo— Vo) = 2PoVo 
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Since, the cyclic process is anticlockwise, work 
done by the gas is negative i.e., -2P,V). 


(b): Mass per unit length of the string, 


4 
= M 5x10 kg sagt 

L Im 
When the wire is plucked at 25 cm length, it 


vibrates in 2 loops. 
Thus, 


vet Toz a Hz = 200 Hz 
2L\u 2x1\5x10* 


(d): Here, m =5 kg, pı = 10 kg m s”, 


kg m? 


F=0.2N,t=10s 
2 
SRE pî _10x10 
E eee) 
Initial kinetic energy = 7,7 = 2x5 J 
Impulse =p,- p; =F * t 
10=0.2 x10 
2kgms' 
E mee py _ 12x12 
=i- =144 
Final kinetic energy = 57) = 3x5 J 


Increase in kinetic energy = 14.4-10=4.4] 


(c) : As mass of quarter disc is y, therefore, its 
moment of inertia about the given axis is 


1=4(M)r -imr 

AgI 8 

(b): The time taken to come back to the same 

height 

2usind _ 2x 50x sin30°_ 
g 10 o 

Taking vertical downward motion of projectile 

from point of projection to ground, we have 

u =-50sin30° = -25 m s”, 

a=10ms?,s=70m 


5s 


1 


la 
s=ut+—at: 
ute hath 
70=-25xty +4x10x13 
2 
or 5Ë-25t-70=00r P-5t-14=0 


On solving, we get +=7 s 
Hence, t=h +h=5+7=12s 


(© : Mass of the bob = 10 g = 0.01 kg 
When the bob falls through a vertical height of 
1 m, the velocity acquired at the lowest point, 


v= 2gh = V2x10x1 = /20 mst 
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20. 


Net tension = 


eight + centrifugal force 
0.01 x 10 + 0.20) = 0.3N 


(d): When a ray of light moves from one medium 
to other, its velocity changes. This change 
depends on refractive index of the medium. Here, 
light travels from denser to rarer medium, ie, 
from medium of higher refractive index to lower 
refractive index. So, in rarer medium its velocity 
increases. 

(d): Here, A= 600 nm = 600 x 10° m, 
D=2m,a=1mm=10°m 

Distance between first dark fringe on either side of 
central bright fringe = width of central maximum 


_ 24D _ 2.x (600x10-°) x2 
a 10° 
=24* 104 m=2.4 mm 


(b): In an electromagnetic wave, the average 
energy density of magnetic field jt, = average 


2 
oF 


energy density of electric field pg = i 
= ix (8.85x107?)x1? 

=22x102] m? 

(c) : When four helium nuclei are fused together, 
one oxygen nucleus is formed. The reaction is 

4x Het — 0 +Q 

Mass defect, Am = 4 * mye = Mo, 

= 4 x 4.0026 - 15.9994 = 0.011 amu 


Energy produced, 
E = 0.011 x 931 = 10.24 MeV 
(d): R 
10 mA 
2V7 
5v 


Voltage available across load resistance R 
5=15V 
tance of load, 

15 


10x10? 


=15x10° Q=15kQ 

(b): AS Tams = lo / V2, Ig = Ims V2, and 
P ‘ $ 

Is t= V2sin| 270x- 
yn ge sia) 


ms V2sin(7t /3) 
=5x V2(V3 /2)=5y3/2 A 


(C? v= 50 Hz) 


21. (c): As T= 


or R? +X? =40000 


X? = 40000- (150)? or X? =17500 

Since v’ = 100 Hz and v = 50 Hz, ». v’ = 2v 
X, 2nvk 
or Xj? =4X? = 4x17500 = 70000 


Z'= |R? + X4? = (150)? +70000 Q=304 @ 


V'_400V i 5a 


As X,=2nvL, =2 or Xi, =2X, 


Z 3042 * 
ie. between 1 A and 2 A 

22, (a): When length (2a) of the magnet is much 
shorter than the distance (r) of the point on the 
axial line where its magnetic field is to be found, 


Ba sm) s 
` Bg (24cm) 


Bæ 
r 


23. (c): The current distribution in a circuit is as 
shown in the figure. 


G 
2A 1A 


4g 
20 4A$¥ 
BA 
al 2A 
19 
HI BA 


Let Vg and Vy be the potentials at points G and H 
respectively. 
VG -(2A)(4 9)+3 V-(2 A)(2 9) 
+(2 A)(1 Q)= Vy 


Vq-8V+3V-4V4+2VEV, 
Y% -W =7V 


24. (a): According to Einstein's 
equation 
hv =(KE)max + 0 
But 6) = 709g being threshold frequency. 
(KE) max = 70 -mog 
or (KE)max * Y “Yo 
X 


: n hn DE n L 
25. (0: As tang = H= = R 


photoelectric 


Here , v = 50 Hz, L = 0.21 H, R=12 Q 


2x3.14x50x0.21 
tang = SEO xe 
12 
tan 9 = 5.495 
= 80° 


26. (b): As B -2 and ¢=vA 


If frequency is doubled, wavelength becomes 
half. 

27. (a): Here, m=2 kg, p =0.4, ¢= 10 ms? 
Minimum force required to move the block 
=uR=pmg=0.4x2x10=8N 
Since the force applied is only 2.8 N, the block 
fails to move and static friction 
= applied force = 2.8 N 


28. (c): By impulse-momentum theorem 

| Ex Atl = Ichange in momentum| 

Here, m = 150 g = 0.15 kg, v = 20 ms"; #=0.1s 

~ Fx0l=lpp-P;l ef) 
pi=mv;=0.15 x 20=3 

As the ball will stop after catching, 

ped 

Hence, F x 0.1=3 
F=30N 


(using (i)) 


29. (a): The moment of inertia of a disc about the axis 
is 
I= mk? 
2 


1 2 
h 2MB  nRidxR? 
Hence, 7 = = 
2 impr mR3td x RS 


(° M =nRẸtd and M} = M3) 


4 
) (1 R= 0.2 cm, Ra =0.6 cm) 


(0.6)* E 
1 


“81 


30. (a): Time taken by stone to drop into lake is 


obtained from 
ff 


Here, s = 500 m, ¢=10 m s?, v =330 m s” 


s= [2x500 _ 
10 


1 2 
s=sgPh ate 
5=58 


10s 
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Time taken by the sound produced, to travel to 
the top of the tower. 
_ s _ 500 


v 330 
Total time =t+ t =10+1.5=11.5s 

(a): Force acting on the electron moving in a 
magnetic field (B) with velocity (), 

F,, = e(8 x B) = e[vpi x Byj] = evoBok 


Since Ë, (along k) is perpendicular to 3 (along i), 


it (8) remains constant. 


Thus, de Broglie wavelength, À = — = constant 


(©: Here, Tyq= 40 years, N = i 


As Mosin or g= 2/2 or 2? = 22 


or t=2Ta=2x 40 = 80 years 
0.693 _ 0.693 
Tiz 


= 0.0173 per year 


(a): If the p-n junction is forward biased, the 
width of depletion zone decreases. Due to which 
there will be diffusion across p-n junction due to 
majority carriers electrons from n side to p-side 
as if there is increases in number donors on the 
n-side. 


E 
(d): As p=si 2 
s = sin — 2 


sin 
2 
6045), -Sy 
= V2 or sin 28m) -y3 


sin a 


sin 00° Sn) 


2 2 


3% =45° 


=sin45° 


= §,,=30° 


(b): ot and kx both are dimensionless. Out of the 
given options, only r/y is dimensionless. 
(a): Here, u =10 m s”, t=3s, v=16 m s” 
v-u _16-10 -2 
ms 


tS 2 


Velocity at 2 s before the given instant, 
10=u+2x2 Cs 
u=10-4=6ms" 


v=u+at) 
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(c) : By conservation of angular momentum, 
Imro = im —m)R?o’ + mR? 


or (M~m)o’ = (M -2mo 
»_(M=-2m 
=| p 

M-m 


w 


(a): Ifr is the distance between Q and -2Q, electric 
field due to -2Q at the location of Q, 


Electric field due to Q at the location of -2Q 
i 1p 2 
ie E'=k, > 

2 


Thus from (i) and (ii), E’ = -E/2 

(c): Here, € = 1.5 V, r=2Q, Ry =52+8Q,R=5Q 

The potential difference across 5Q resistance, 
15V 


e 
=| —— |R =| —— >= =05 
K (=F lemmate vaw 


. (d): Magnetic field (B) due to the current-carrying 


solenoid is along its axis, ie, in the direction of 
uniform velocity (8) of the electron. 

As F,, = e(5x Ë) = Ü (since 31! Ë), the electron con- 
tinues to move with uniform velocity 5 along the 
axis of the solenoid. 


(©): In free expansion, pressure outside is zero. 
So no work is done by ideal gas but in real gas 
work may be done against internal forces existing 
between molecules. 


. (d): Frictional work is not completely recoverable. 


When the force of friction is present the total 
mechanical energy is not conserved. The friction 
force is therefore called a nonconservative or a 
dissipative force. 

The assertion is not true. Frictional force are not 
conservative. 

The reason is not true. It is a false correlation. 


(c) : For a periodic function to be simple harmonic 


But given function y = sinot + cos2wt will not 
satisfy the same, 
So, it is periodic but not simple harmonic. 


. (b): Cloth can be pulled out without dislodging 


the dishes from the table because of inertia. 
Reason is Newton's third law and hence true. But 
is not a correct explanation of assertion. 
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(a): Electric field is set up from higher potential 
to lower potential. An electron is negatively 
charged and moves opposite to the direction of 
electric field, i.e, from lower potential to higher 
potential. 


(): As Ret, resistance of 100 W bulb is less 


than that of 60 W bulb. Since resistance of 60 W is 
more, its filament produces more heat and glows 
more due to higher temperature. 

Resistance R is inversely proportional to wattage 
W, ie Ree 1/W. 


(a): As e=E-dl here, È is a non-conservative 
and a time varying field that is generated by 
a charging magnetic field. This field is quite 
different from an electrostatic field produced by 
stationary charges. Here, ¢ stands for emf and E 
for electric field. 


2 
(d: AsqE= "5, 


q 
Since electron and proton have equal charge, so r 
is the same for both of them. 


(d): The position of centre of mass of electron and 
proton remains at rest, and their motion is due to 
(internal) forces of electrostatic attraction, which 
are conservative. No external force, what so ever 
is acting on the two particles. 


(a): Upto ordinary heights the change in the 
distance of a projectile from the centre of the earth 
is negligible compared to the radius of the earth. 
Hence, projectile moves under a nearly uniform 
gravitation force and its path is parabolic, But for 
projectile going to great height, the gravitational 
force decreases in inverse proportion to the square 
of the distance of the projectile from the centre of 
the earth. Under such a variable force the path of 
projectile is elliptical. 

(a): When roads are not properly banked force of 
friction between tyres and road provides partially 
the necessary centripetal force. This causes wear 
and tear. 


(b): When the bodies are moving in same 
direction, relative velocity between them is equal 
to the differences in velocities of two bodies. When 
two bodies are moving in opposite directions, 
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relative velocity between them is equal to the sum 
of the velocities of two bodies. 


1_(bg poi 
(a): As == mafi) 
f (z R R 


tk 1) To 
10 (2 WR, R 


If f, is the focal length of the lens when immersed 
in water, 


1 _(Hs_ Í 14 )-(22-1)(4)- 1 
fo ty RL Ra) (a73 A5) 40 
Hence, fy = 40 cm 


(a): Photoelectric effect is a one-to-one process, 
ie, only one photon interacts with one electron. 


(a): Sr decays to 3Y through B-emission 
sr > Py + Ye). 


Bone marrow is damaged by these high energy 
B-particles. 


. (© : The collector in common base configuration 


is reverse biased for voltage amplification. 
Simply stating amplification may include current 
amplification (which is not so in this case). 
(a): Since pressure inside bubble of smaller radius 
is more the common interface should bulge inside 
bubble of larger radii. Hence reason is correct 
explanation of assertion. 
(a): When external torque acting on the system 
is zero then only the total angular momentum of 
system is considered to be conserved. 
di 
dt’ 

z dL 7 
If t=0, an = L= Iw = constant 


(c): Due to electric field, the force is F=qE in 
the direction of Ë . Since Ë is parallel to Ë, the 
particle velocity 3 (acquired due to force F) is 
parallel to B. Hence, B will not exert any force 
since 6x B=0 and thus the motion of the particle 
is not affected by B. 


. (a): A rocket moves forward taking the help of 


reaction force. For that it has to exert a force on 
the surrounding air so that it receives reaction 


force as per Newton’s third law. aa 


kk 


Two coils A and B are separated by a certain 
distance. If a current of 4 A flows through 
A, a magnetic flux of 10°? Wb passes 
through B (no current through B). If no current 
passes through A and a current of 2 A passes 
through B, then the flux through A is 

(a) 5x 102 Wb (b) 410-4 Wb 

(c) 5 * 10 Wb (d) 2x 10° Wb 

A coil of area 0.4 m? has 100 turns. A magnetic 
field of 0.04 Wb m” is acting normal to the coil 
surface. If this magnetic field is reduced to zero 
in 0.01 s, then the induced emf in the coil is 

(a) 160 V (b) 250 V 

(c) 270 V (d) 320 V 


The magnetic flux linked with a coil of N turns 
of area of cross section A held with its plane 
parallel to the field B is 


(a) ae (b) NAB 
(c) “ee (d) zero 


A jet plane is travelling west at the speed of 
1600 km h-', The voltage difference developed 
between the ends of the wing having a span of 
20 m, if the earth's magnetic field at the location 
has a magnitude of 5 x 10° T and the dip angle 
is 30° is 

(a) 41V 
(0) 32V 


(b) 2.2 V 
(d) 3.8 V 


NCERT 


kk 


Questions for Medical/ 
Engineering Entrance Exams 


Electromagnetic Induction 


Attract 


A long solenoid with 10 turns per cm has a small 
loop of area 3 cm? placed inside, normal to the 
axis of the solenoid. If the current carried by 
the solenoid changes steadily from 2 A to 4 A in 
0.2 s, what is the induced voltage in the loop, 
while the current is changing? 

(a) 4.2 x 108 V (b) 2.8 x 108 V 

(c) 7.3 x105 V (d) 3.8 x 10% V 

A square loop of side 12 cm and resistance 
0.60 Q is placed vertically in the east-west plane. 
A uniform magnetic field of 0.10 T is set up across 
the plane in north-east direction. The magnetic 
field is decreased to zero in 0.6 s at a steady 
rate. The magnitude of current during this time 
interval is 

(a) 1.42 x 10° A (b) 2.67 x 10° A 

(c) 3.41 x 10° A (d) 4.21 x» 10° A 

A magnetic flux through a stationary loop with a 
resistance R varies during the time interval t as 0 
= at(t -= t). What is the amount of heat generated 
in the loop during that time ? 


23 243 
(a) o) E 
4R 3R 
2,3 2,3 
av av 
g LL id) aa 
© 6R @) 2R 
Two coils, A and B areas 4 B 


shown in the figure. A 
current starts flowing in B 
as shown, when A is moved 
toward B and stops when 
A stops moving. 


CA 
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The current in A is counterclockwise. B is kept 
stationary when A moves. We can infer that 

(a) there is a constant current in the clockwise 
direction of A. 

there is a no current in A. 

there is a varying current in A. 

there is a constant current in the 
counterclockwise direction in A. 


(b) 
(c) 
(d) 


Two solenoids of equal number of turns 
have their lengths and the radii in the same 
ratio 1 : 2, The ratio of their self inductances 
will be 

(a) 1:2 (b) 2 

() 1:1 (d) 1:4 

If the number of turns per unit length of a coil 
of solenoid is doubled, the self-inductance of the 
solenoid will 

(a) remain unchanged (b) be halved 

(c) be doubled (d) become four times 


A circular coil of radius 6 cm and 20 turns rotates 
about its vertical diameter with an angular speed 
of 40 rad s“! in a uniform horizontal magnetic 
field of magnitude 2 x 107 T. If the coil form a 
closed loop of resistance 8 Q, then the average 
power loss due to joule heating is 

(a) 2.07 x 103 W (b) 1.23 x 103 W 

(©) 3.14 x 103 W (d) 1.80 « 103 W 

A pair of adjacent coils has a mutual inductance 
of 2.5 H, If the current in one coil changes from 
0 to 40 A in 0.8 s, then the change in flux linked 
with the other coil is 

(a) 100 Wb (b) 120 Wb 

(c) 200 Wb (d) 250 Wb 

A wheel with 20 metallic spokes each of length 0.8 
m long is rotated with a speed of 120 revolution 
per minute in a plane normal to the horizontal 
component of earth magnetic field H at a place. 
If H = 0.4 x 10 T at the place, then induced emf 
between the axle and the rim of the wheel is 
(a) 23x104 V (b) 3.1 * 10% V 

(c) 29x 104V (d) 1.61 x 104 V 


A metal conductor of length 1 m rotates vertically 
about one of its ends with an angular velocity 5 
rad s™'. If the horizontal component of earth's 
magnetic field is 0.2 » 10~ T, then the emf 
developed between the ends of the conductor 
is 

(a) 5 pV 
(c) 50 pV 


(b) 5 mV 
(d) 50 mV 
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Two conducting circular loops of radii R, and Ry 
are placed in the same plane with their centres 
coinciding. If R, > Ry the mutual inductance M 
between them will be directly proportional to 


Ri R 
2L b 2 
o k Or 
2 2 

o RÈ @ 2 
1 


A rectangular loop of sides 6 cm and 2 cm with 
a small cut is moving out of a region of uniform 
magnetic field of magnitude 0.4 T directed normal 
to the loop. The voltage developed across the 
cut if velocity of loop is 2 cm s™' in a direction 
normal to the longer side is 

(a) 3.8 x» 10* V (b) 4.8 x 104 V 

(c) 22* 10? V (d) 3.2 x 107 V 


A small flat search coils of area 4 cm? with 
20 closely wound turns is positioned normal to 
the field direction and then quickly snatched out 
of the field region. The total charge flowing in 
the coil (measured by a ballistic galvanometer 
connected to the coil) is 7.5 mC. The resistance 
of the coil and galvanometer is 0.8 Q. The field 
strength of the magnet is 

(a) 1.25T (b) 0.50 T 

(c) 0.75T (d) 2.10 T 


A conducting ring of radius r is placed in a varying 
magnetic field perpendicular to the plane of the 
ring. If the rate at which the magnetic field varies 
is x, the electric field intensity at any point of the 
ring is 


x b) 
(a) rx (b) 2 
(©) 2rx (a) 2 

x 


An air cored solenoid with length 20 cm, area 
of cross section 20 cm? and number of turns 400 
carries a current 2 A. The current is suddenly 
switched off within 10° s. The average back emf 
induced across the ends of the open switch in the 
circuit is (ignore the variation in magnetic field 
near the ends of the solenoid) 

(a) 2V (b) 4V 

(o 3V (da) 5V 

A rod of length / rotates with a uniform angular 
velocity w about an axis passing through its 
middle point but normal to its length in a uniform 
magnetic field of induction B with its direction 
parallel to the axis of rotation. The induced emf 
between the two ends of the rod is 


21, 


22, 


23. 


24. 


25. 


Bro 


(a) 


2, 
© FR] 


The magnetic flux through a coil 
perpendicular to its plane and directed into 
paper is varying according to the relation 
Q = (2? + 4t + 6) mWb. The emf induced in the 


(b) zero 


(d) 2BPw 


loop at t s 
(a) 0.12 V (b) 2.4 V 
(c) 0.02 V (d) 1.2 V 


A 2m long solenoid with diameter 2 cm and 2000 
turns has a secondary coil of 1000 turns wound 
closely near its midpoint. The mutual inductance 
between the two coils is 

(a) 2.4 x 10% H (b) 3.9% 104 H 

(c) 1.28 x 103 H (d) 3.14 x 10° H 


A 10 V battery connected to 5 Q resistance coil 
having inductance 10 H through a switch drives 
a constant current in the circuit. The switch is 
suddenly opened and the time taken to open it 
is 2 ms. The average emf induced across the coil 
is 

(a) 4x10 V 
(c) 2x10 V 


(b) 2x 10° V 
(d) 1x10 V 


. There is a uniform magnetic field directed 


perpendicular and into the plane of the paper. 

An irregular shaped conducting loop is slowly 

changing into a circular loop in the plane of the 

paper. Then 

(a) current is induced in the loop in the anti- 
clockwise direction 


(b) currentis induced in the loop in the clockwise 
direction. 

(c) ac is induced in the loop. 

(d) no current in induced in or 


the loop. 

The figure shows a wire sliding 
on two parallel conducting 
rails placed at a separation I. 
A magnetic field B existsina * 
direction perpendicular to the plane of the rails. 
The force required to keep the wire moving at a 
constant velocity v will be 


WETA 
pos AEK 


NER 


B by Bie 
(a) ev (b) = 
(© Blo (d) zero 


26. 


27. 


29, 


A long solenoid 5 has n turns per metre, with 
diameter a. At the centre of this coil, we place 
a smaller coil of N turns and diameter b (b < a). 
If the current in the solenoid increases linearly 
with time, then the emf will be induced in the 
smaller coil. Which of the following is the correct 
graph showing le! verses £ if current varies as a 
function of m? + C? 


W l © l 
0 =>” 0 =>” 
TA iW 
© kl ol 
= = 


A magnetic field B is confined to a region r < a 
and points out of the paper (the z-axis), r=0 being 
the centre of the circular region. A charged ring 
(charge = q) of radius b(b > a) and mass m lies in 
the x-y plane with its centre at the origin. The 
ring is free to rotate and is at rest. The magnetic 
field is brought to zero in time Af. The angular 
velocity œ of the ring after the field vanishes, 
is 


2 Ba 
qBa q 
a b; 
O) Sm O mb? 
2 2 
o 2me (a) 188 
7 7 
Ba? 2mb? 


. In a uniform magnetic field B a wire in the form 


of a semicircle of radius r rotates about the 
diameter of the circle with angular frequency o. 
The axis of rotation is perpendicular to the field. 
If the total resistance of the circuit is R, the mean 
power generated per period of rotation is 


@) “oR 8R 
 (Brrw)}? (Brrw?)? 
© “TR (a) aR 


The self inductance of a coil having 400 turns 
is 10 mH, The magnetic flux through the cross 
section of the coil corresponding to current 2 mA 
is 

(a) 4x 10% Wb 
(c) 3x 105 Wb 


(b) 2x 10° Wb 
(d) 8 x 103 Wb 
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30. 


31. 


32. 


33. 


34. 


35. 


A copper rod of length / rotates about its end with 
angular velocity w in a uniform magnetic field B. 
The emf developed between the ends of the rod 
if the field is normal to the plane of rotation is 


(a) Bol? (b) $b 


1 
(c) 2 Bol? (d) q bor 


A current of 1 A through a coil of inductance of 
200 mH is increasing at a rate of 0.5 A s“!. The 
energy stored in the inductor per second is 

(a) 0.5} s7 (b) 5.0 J s” 

(c) 01Js? (d) 2.0J s” 

An electromagnet has stored 648 J of magnetic 
energy when a current of 9 A exists in its coils. 
What average emf is induced if the current is 
reduced to zero in 0.45 s? 

(a) 320V (b) 620 V 

(c) 260 V (a) 230 V 


A circular disc of radius 0.2 m is placed in a 
uniform magnetic field of induction (zwe m? 
n 


in such a way that its axis makes an angle of 60° 
with B. The magnetic flux linked with the disc 
is 

(a) 0.02 Wb (b) 0.06 Wb 

(c) 0.08 Wb (d) 0.01 Wb 


A solenoid of length 30 cm with 10 turns per 
centimetre and area of cross-section 40 cm? 
completely surrounds another co-axial solenoid 
of same length, area of cross-section 20 cm? with 
40 turns per centimetre. The mutual inductance 
of the system is 

(a) 10H (b) 8 H 

(c) 3 mH (d) 30 mH 

By a change of current from 5 to 10 amperes 
in 0.1 second, the self induced emf is 10 V. The 
change in the energy of the magnetic field of a 
coil will be 
(a) 5J 

(c) 7.5J 


(b) 6J 
(d) 9J 


SOLUTION 


1. 


40 


(c) : Magnetic flux linked with coil 
$5 = Ml, 


A 
Magnetic flux linked with coil A 
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10° m 

04 = Mlp == *2=5x10"Wb 

(a): Here, A = 0.4 mê, N = 100, dB = 0.04 Wb m2, 
dt = 0.01 5 

do dB 
As e=—=NA— 
S eSa dt 
0 


Oo. 


(d): Magnetic flux linked with a coil 

$= NBAcos0 
Since the magnetic field B is parallel to the area A, 

ie, 8= 90°, 

g=0 
(b): Here, v = 1600 km h! = 1600x mm st 

= 444 ms! 

1=20m, B=5 x10% T and ô = 30° 
As £ = Blv = Vlv 

(where V is the vertical component of earth’s 
field) 

=(B sind) lv (~ V= Bsind) 

=5 x 10“ sin 30° x 20 x 444 

=2.2V 


(= BA) 


=100x 0.4% = 160 V 


(d): Here, x = 10 turns per em = 1000 turns per m 


A=3cm?=3 x 104m? 
dI _4-2 


=10 As"! 


d d N 
F(6A)= A (Hy M1) 


=3 x 10% x 4r x 107 x 1000 x 10 
=3.8 x 10% V 
(b): Here, Area A =P = (12 cm)? = 1.4 x 10°? m? 
R = 0.60 Q, B, = 0.10 T, 0 = 45° 
B, = 0, dt = 0.6 s 
Initial flux, 6; = B;A cos0 
= 0.10 x 1.4 x 107 x cos 45° 
= 9.9 x 10-4 Wb 
Final flux, ¢ = 0 


LL 
Induced emf, €= i a 


_19.8x10*1 


=1.65x 10 V 
0.6 s 


-3 
Current, 12-2 = 165X107 
R06 


=25* 103A 


10. 


11. 


(b): The flux through the stationary loop is 
= at(t- t) 


Induced emf, 


e=-2 =- É [attr =] == far - 2at]= at ar) 
The amount of heat generated in the loop during 
a small time interval dr is 
2 2 
e (2at - at) 
dQ= tg = EE iy 
eR" R 
Hence, the total amount of heat generated is 
z 
Q= ja Qat ath del glee + a'r? — 4a?tt)dt 
RO a 2,3 
PE P+ a rtd] ao 
*RL3 2 b 3R 


(d): Coil A must be carrying a constant current 
in counter clockwise direction. Because of that, 
when A moves towards B, current induced in B is 
counterclockwise direction as per Lenz’s law. The 
current in B would stop when A stops moving. 


(a): Self inductance of a solenoid, 
L- HHoN7A _ MoN?nr? 
=e ee 


where / is the length of the solenoid, N is the 
total number of turns of the solenoid and A is 
the area of cross-section of the solenoid. 


AOA 


TARE 


Here, N; at 
h 2? n 2 


(d): Self inductance of a solenoid = pgn? Al 
where n is the number of turns per length. 

Selfinductance is directly proportional to n? Self 
inductance becomes 4 times when n is 
doubled. 


(a): Here, r= 6 cm = 6 x 10% m, N = 20, 
w = 40 rad s~! 
B=2x10?°T,R=8Q 
Maximum emf induced, £ = NABw 
= N(mr)Bo 
= 20 x mx (6 x 1072)? x 2 x 10° x 40 
= 0.18 V 
Average value of emf induced over a full cycle 
Ey = 0 


12, 


13. ( 


14, 


15. 


Maximum value of current in the coil, 


ž O18 0023A 


Average power dissipated, 


ef 018x0023 _ 4 97. 49.3 w 
2 2 
(a); Given, M=2.5H, a 0 =50As 
dt 0.8 
dI _ do 
Also, e=M— =~ 
so e5 Me at 


or dọ = Mdl = 2.5 (40 - 0) = 100 Wb 


d): Here, H = B = 0.4 x 10 T, I = 0.8 m 
v = 120 rpm = 2 rps 
Emf induced across the ends of each spoke 


C @=2nv) 


= Bro? 

4 x 10% x 7 x 2 x (0.8)? 

61x 104V 

Note : Number of spokes is not relevant because 
the emfs across the spoke area is parallel. 


(c) : The emf developed between the ends of the 
conductor is 


e= oB? =1x5x02x10*x(1? 


=5 x 105V = 50 x 10° V = 50 nV 


(d): Let a current J, flows through the outer 
circular coil of radius R}. 


The magnetic field at the centre of the coil is 
B, = Hol 
2R; 


As the inner coil of radius R, placed co-axially 
has small radius (R, < R,), therefore B, may be 
taken constant over its cross-sectional area. 
Hence, flux associated with the inner coil is 
Hoh 
2R; 


> = BnR nR 


Hot 
2R, 
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16. (b): Here, I= 6 cm = 6 x 10% m 


2cm 
pe alle I R 

e 

@ ab» 
beam E E 
i EG EE E 


B=04 T, 
v=2cm s" =2 x 10m s” 
Voltage developed is 
£ = Blv = 0.4 x 6 x 10? x 2 x 107 
=48 x 10*V 

(c) : Here, A = 4 cm? = 4 x 10* m?, N = 20 
Final flux, ¢=0 (when the coil is removed 
from the field) 
q=7.5 mC =7.5 x 10°C, R = 0.8 Q 

N (do / dt) 
R R 


N 
Idt=-2 d 
R lb 
Also charge, 


% 
N N N 
q=fidt= J -RE R Op MAR OOP) 


N 
9= Roi 


Now, initial flux per turn when coil is normal to the 
field, 6; = BA 
„NBA 
TTR 
pa IR _75x10° x08 
NA 20x4x107 
. (b): Let Ë be the electric field intensity at a 
point on the circumference of the ring. Then, the 


or =0.75T 


emf induced e=fE-d] where dÏ is a length 


element of the ring. Since |E| is constant and 
Elldl, 


e = E(2nr) afi) 
Also, the induced emf is 
en an Be mty wi) 
Equating (i) and (ii), we get 
Balt 
2 
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19. 


20. 


21. 


(b): Here, |= 20 cm = 20 « 10% m, 

A= 20 cm? = 20 x 10-4 m? 

N = 400, 1,=2A, 1, = 0, dt = 10° s 

e- fo _ ABAN) 
dt dt 

_ HoNdI AN 

Iæ 


As 


(- B= enr) 


_ HgN (ly -1)AN 
= Idt 


47x107 x (400)? x 2x 20 x10 


=4V 
20 x 107 x 10° 


(b): Length of the rod between the axis of rotation 


th 
and one end of the rod "5 


Area swept out in one rotation 


G-E 
ree 

2 4 

Angular velocity = @ rad s! 


ee) 
Frequency of revolution = = 
p 


Area swept out per second 
2 Ee) -Eo 
2n 8 
Magnetic induction = B 
BP 
Rate of change of magnetic flux (282) 


. . Bro 
Magnitude of induced emf =— > 
Magnitude of induced emf between the axis and the 

2, 

other end is also (s) 
These two emf’s are in opposite directions. Hence, 
the potential difference between the two ends of 
the rod is zero. 


(c) : Given, = (2t2 + 4t + 6) mWb 


do 
As, ex? 
S, e dt 


=f er +4t +6) x10 Wb st 


= (4t + 4) x 103 V 

At t=45 
E= (4x 4 + 4) x10° V 
= 20 x 10° V = 0.02 V 
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22. (b): Here, | = 2 m, diameter = 2 cm 
radius, r=Zetem=1 x10? m 


N; = 2000, N, = 1000 
Area = nr? = n x (1 x 10)? 
=3.14 x 104 m? 


Mutual inductance, M = PaNN24 


7 -4 
= 47x107 x 2000 x 1000 x 3.14 x 10 =39x10* H 


23. (d): Here, current 1-224 


Final current, when the switch is opened is 
zero. 


1x10? Ast 


=- 10 (-1 x 108) = 104 V 
24. (a): Due to change in the shape of the loop, the 
magnetic flux linked with the loop increases. 
Hence, current is induced in the loop in such 
a direction that it opposes the increases in 
flux. Therefore, induced current flows in the 
anticlockwise direction. 


E 


XM HK KX 
KKK XXX XX 
XM KKK KX 


EET 


x 
x x 
25. (d): No change in flux, hence no force required. 
26. (c): Asper the data given in the question, magnetic 
field due to current in solenoid S, B = ponl! 
Magnetic flux linked with the smaller coil due 
to this field is 
= NBA, where A = area of smaller coil = 
emf induced in the smaller coil, 


nb? 


-0A yp 
Ode a(x 4 
Nab? dl Nab? di 


4 q”) = Hoa 


As current I varies as a function of (mi? + C) 
nb? d 2 

e= —Nnptg——— (mt +C; 
Mig ap mt? +C) 


__Nampgb? 


4 (2mt) (i) 
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From (i), lel = t 
So correct option is (c). 


27. (d): Let E is the electric field generated around 
the charged ring of radius b, then 
do 
pat 
dt 


or Eb 


=A 


Torque acting on the ring 


t= b x force = WE 
4a? 


At) 


[Using ()] 


If AL is change in angular momentum of the 
charged ring, then 


pth b-h 
At At 

Ly - L = (At) 
_qBaAt — q Ba? 

2At 2 
As initial angular momentum, L; = 0 
2 
L ue =lo=mb*o 


Baz 
2mb? 


2 
28. (b): 9 =B cost 


; Brrwsinot 


“i B?r?rtw? sin ot 


R 4R 
p> BIOR 
8R 
29. (a): Here, N = 400, L = 10 mH = 10 x 10° H 
1=2mA=2x10°A 
Total magnetic flux linked with the coil, 
= NLI = 400 x (10 x 10°) » 2 x 10°= 8 x 10° Wb 
Magnetic flux through the cross-section of the 
coil = Magnetic flux linked with each turn 
ò _8x10° 


A (e <sin?wr>= D 


N 200 


=4 x 105 Wb 


30. 
31. 


32. 


33. 


34. 


35. 


(b) 


(c) : The energy stored in the inductor is 
u=} 
2 


The energy stored in the inductor per second is 


=(200x107H)(1 A)(0 5 As!) =0.1J s~! 


(a): Magnetic energy, U= LLI? 
A 


pa 2 2x648 16H 
PoP 
Induced emf, 
eo pt! = 16HX0-9A) 320V 


dt 0.45s 


(a): Here, r= 0.2 m, B= 1. Wom, 
ui 
0 = 60° 
Magnetic flux, 
= BA cos 0 = B(nr?) cos 0 


aly (0.2)? cos60° = 0.02 Wb 
z 


(©: Mutual inductance of the system, 
M = pytty tA 


where A3 is the area of inner solenoid. 
m = 10 cm"! = 1000 m”! 
m = 40 cm™ = 4000 m”! 


1 = 30 cm = 30 x 10? m 
2 = 20 cm? = 20 x 10-4 m? 
ce M = 4n x 107 x 1000 x 4000 x 20 x 10% x 30 » 102 
= 301.44 x 105 H = 3 mH 


Al 
: lel=L= 
(c): le m 
= lelat 10x01 oo 
Al (10-5) 


The magnetic field energies for currents /; and | 


h are 
1,2 lrn 
U, ==LI? and U, = <LI 
157M1 and Myer 
Change in energy = U - U; 
0.2 


1,2-1,,2-4L(2 252 
= US =5(8- (10? -5?)=7.5 J 
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Number of photonsemitted persec, 
P 


N= 


* Momentumof photon, 
Peles 


eR 


* Equivalentmass ofa photon, 


Photoelectric Effect 


© Work function, 69 = ivg = z 


+ KE.ofemitted photoelectron 
k= 


‘© If Vo is the stopping potential, the 
maximum kinetic energy of the ejected 
photoelectron, 


æ Intensity of radiation 
Energy __ Power 
Areax Time Area 
Incident power 
=Incidentintensity «Area 


æ Wavelength shift in Compton scattering 
h 


AENA 


(1-cos¢) 


de-Broglie Hypothesis 


© de-Broglie wavelength, 4 = + 


© Kineticenergy, 


rey i 


m? = 


2 2m 
Momentum, p= V2mK 


e de-Broglie wavelength of an electron 
beam accelerated through a potential 
difference of Vvoltis 


Distance of Closest Approach and 
Impact Parameter 


+ Kineticenergy of a-particle, 


pecan E 
ON arty KAR) mot 

2.8 

Ze* cot 

eee 

Impact parameter, b: mp 

2,0 

ant Ze 

tr Tp 


Atomic Nucleus, its Size and Density 


* Nuclear radius, R= Ry A", 


Here, Ry=1.2*10"%m 
Nuclei 


mass _ mwy __ 3m 


aR? ARRA 
3 
Averageatomicmassofan element 
= Weighted average of massofallits isotopes 
1amu=1.66x 107 kg=931 MeV 
1MeV=1.6x 1033) 


Pru 


Nuclear volume 


Bohr’s Theory of 
Hydrogen Atom 


where, 


2m Zet 
whe 

-ZË 
2r 


+ KE 


PE 


© Totalenergy, E, 


e Wavenumber, ¢=2=R|-4-4 
i g g 


Ii 
Where, p= 27 ™°€" = Rydberg’s constant 
a 
=1.097«107m-t 


Here, k=—1_ 
K= Taeg 


Binding Energy 


Mass defect, Am=[Zm,,+(A-Z)m,—my] 
‘Total binding energy = (Amc 
(amy? 

A 


Average B.E/nucleon= 


Packing fraction= na 


Pauli Exclusion Pı 


æ No two electrons can occupy the same 
quantum-mechanical state 


Angular momentum (L), 
2 
P= a£) 
wen 2R. 


© Component of angular momentum in 
z-direction 


(a) a-decay: $X — $374} He 


C) Bedecay: 3X — hy + fe+¥(Grdecay) 


A 
(© ¥decay: 2X — 2X+y 


Radioactive Decay Law, 
and Average Life 


Disintegration laws for radioactive 
transformations areas follows 


9x —> AX tetv (Bt decay) 
(Excited state) (Ground State) 


Radioactive decay law 
ANLAN (b) N=Nge™# 


Byes 
o- 
where, }= decay constant or disintegration 
constant. 


2 
Halflife, Ty 
1)" t 
ew (jeer 
ac} Tin 
Meanlife, T= 
or Typ"0.693t 


Laser is a source of highly directional, 
‘monochromaticand coherent light. 

‘The action of a laser is based on the principle 
of stimulated emission of light. 

If the emitted radiation falls in the 


microwave region the device is termed as a [7 * Cutoff wavelength is totall 


Maser. 
Number of atoms in excited state x, 
N, = Nge Er EMEN 


where Eg is energy of atom in ground state 
kis Boltzmann constant. 


æ Cut off wavelength (pin) of continuous 
X-ray spectrum is given by 


Amin 


independent of 
the target material 


© Moseley law 


Wez 
or Ww=CZz-C 


Activity of a Radioactive Substance $ 


Decay rate oractivity ofa substance 


= AN =ANge™ = Rye ™ 


Time required to reduce the radioactive 
substances, 


eg. Bustin Fi 


Nuclear fission is splitting of heavy nuclei 
(A>230) when excited by thermal neutrons, 
into intermediate mass nuclei 


dn Bou  xes Sh sr+2n+Q 


Nuclear fusion is combining of two light 
nuclei to form a single large nucleus with 
energy liberation 


eg. [H+]H > JH+et +v+042 MeV 
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BITSAT 


Consider an expression F = Axsin\(Bt) where 
F represents force, x represents distance and t 
represents time. Dimensionally the quantity AB 
represents 

(a) energy (b) surface tension 

(c) intensity of light (d) pressure 


A juggler throws balls into air. He throws one 
whenever the previous one is at its highest point. 
If he throws n balls each second, the height to 
which each ball will rise is 


ra p 28 
o $ o3 
o 38 @ 4, 


Standing waves are produced by the superposition 
of two waves 


in(3mt — 2x) 

Y2 = 0.05sin(3ztt + 2x) 
where x and y are in metres and t is in second. 
What is the amplitude of the particle at 


x = 0.5 m? (Given cos 57.3° = 0.54), 
(a) 27cm (b) 54cm 
(c) 8.1 cm (d) 10.8 cm 


A vessel has 6 g of hydrogen at pressure P 
and temperature 500 K. A small hole is made 
in it so that hydrogen leaks out. How much 
hydrogen leaks out if the final pressure is P and 
temperature falls to 300 K? 2 

(a) 2g (b) 3g 

() 4g (d) 1g 

A particle of mass 0.1 kg is held between two rigid 
supports by two springs of force constant 8 N m! 
and 2 N m+, If the particle is displaced along the 
direction of length of the springs, its frequency of 
vibration is 


(a) 2H ©) Êz 


2 1 
(c) Hz (a) He 
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Exam from 
14th May to 


15t June 


A stone is thrown horizontally with velocity u. 
The velocity of the stone 0.5 s later is 3u/2. The 
value of u is 

(a) 22ms? (b) 33ms7 

(©) 44ms? (d) 1dmst 

A liquid is kept in a cylindrical 
vessel which is rotated along 
its axis. The liquid rises at the 
sides (see figure). If the radius 
of the vessel is 0.05 m and the 
speed of rotation is 2 revolution 
per second, find the difference 
in the height of the liquid at 
the centre of the vessel and its 
sides, 

(a) 20cm 
(©) 2em 


(b) dem 
(d) 0.2 cm 


Four cells of identical emf E and internal resistance 
r are connected in series to a variable resistor. The 
following graph shows the variation of terminal 
voltage of the combination with current. The emf 
of each cell used is 


—> (amp) 
(a) 14V (b) 5.6V 
© 2V (a) 1V 


If u, is coefficient of static friction, the maximum 
speed Vma with which a vehicle can negotiate 
an unbanked curved track having radius R and 
inclined at an angle 0 with respect to horizontal 
plane is 


10. 


11. 


12. 


13. 


14. 


(a) Umax =VRgtan® (b) Vmax = 


tai 
© Rg ORE 


A wooden block is dropped from the top of a cliff 
100 m high and simultaneously a bullet of mass 
10 gis fired from the foot of the cliff upwards with 
a velocity of 100 m s”. The bullet and wooden 
block will meet each other after a time 

(a) 10s (b) 0.55 

(© 1s (d) 7s 


One mole of an ideal gas is taken through a cyclic 
process as shown in the V-T diagram. Which of 
the following statements are true? 


HRS 


(a) The magnitude of work done by the gas is 
RTiln2. 

(b) Work done by gas is VT. 

(€) Net work done by the gas is zero. 

(d) Work done by the gas is 2RTjIn2. 


A telescope has an objective lens of focal length 
200 cm and an eye piece with focal length 
2 cm. If this telescope is used to see a 50 meter 
tall building at a distance of 2 km, what is the 
height of the image of the building formed by the 
objective lens? 
(a) 5cm 

(€) 1em 


(b) 10cm 
(d) 2cm 


The electric potential between a proton and an 


electron is given by V = van £ } where rg is a 
% 


constant, Assuming Bohr’s model to be applicable, 
write variation of r, with n, n being the principal 
quantum number 
(a) nen (b) 


no 


2 wet 
(co) mæn (d) hoe 


A magnetic needle lying parallel to a magnetic 
field requires W units of work to turn it through 
60°. What is the torque needed to maintain the 
needle in this position? 


15. 


16. 


17. 


18. 


19. 


20. 


(a) Vaw ©) w 
© Bw (a) 2w 


In the given circuit, the voltmeter records 
5 V. The resistance of the voltmeter in ohm is 


109 502 
4 
H 
als 
(a) 200 (b) 100 
(© 10 (d) 50 


A ball of mass 0.2 kg is thrown vertically upwards 
by applying a force by hand. If the hand moves 
0.2 m while applying the force and the ball goes 
up to 2 m height further, find the magnitude of 
the force. (Take g = 10 m s?) 
(a) 16N (b) 20N 
(© 22N (d) 4N 
ABCD is a rectangle whose side AB = 10 cm and 
side BC = 24 cm. A charge of 0.104 uC is lying 
at the center O of rectangle. If the mid-point 
of side BC is E, then the work done in carrying 
100 uC charge from B to E will be 
(a) 1.152J (b) 2.304 J 
(c) 4.082] (d) 23.4) 
Name the gate represented by the following 
circuit 

A 


Be 


(a) OR gate (b) XOR gate 

(c) AND gate (d) NAND gate 

Two cylinders of equal size are filled with 
equal amount of ideal diatomic gas at room 
temperature. Both the cylinders are fitted with 
pistons. In cylinder A the piston is free to move, 
while in cylinder B the piston is fixed. When same 
amount of heat is supplied to both the cylinders, 
the temperature of the gas in cylinder A raises by 
30 K. What will be the rise in temperature of the 
gas in cylinder B? 

(a) 42K (b) 30K 

(c) 20K (d) 56K 


A body of mass M at rest explodes into three 


i M 
pieces, two of them of mass 4. each, are thrown 
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21. 


24. 


26. 


50 


off in perpendicular directions with velocities of 
3 m s” and 4 m s” respectively. The third piece 
will be thrown off with a velocity of 

(a) 15ms? (b) 2ms 

(c) 25mst (d) 3ms7 

A variable force, given by the 2-dimensional 
vector F=(3x/ +4j), acts on a particle. The 
force is in newton and x is in metre. What is the 
change in the kinetic energy of the particle as it 
moves from the point with coordinates (2, 3) to 
(3, 0)? (The coordinates are in metres) 

(a) -7J (b) zero 

(©) +7) (d) +19) 

A slab of material of dielectric constant K has 
the same area as the plates of a parallel plate 


capacitor but has a thickness (Fe where d 


is the separation of the plates. The ratio of the 
capacitance C (in the presence of the dielectric) to 
the capacitance C, (in the absence of the dielectric) 
is 


3K 3 
(a) ena (b) 1“ 
B (a) 4x 

K+3 3 


. A pure inductor of 25 mH is connected to a source 


of 220 V. Given the frequency of the source as 
50 Hz, the rms current in the circuit is 

(a) 7A (b) 14A 

(© 28A (d) 42A 


Light of two different frequencies, whose photons 
have energies 1 eV and 2.5 eV are respectively, 
successively illuminate a surface of work function 
0.5 eV. The ratio of the maximum speeds of the 
electrons that are emitted are 

(a) 2:1 (b) 1:2 

(© 1:3 (d) 1:4 


. Two concentric circular coils of ten turns each are 


situated in the same plane. Their radii are 20 cm 
and 40 cm and they carry currents 0.2 A and 0.3 A 
respectively in opposite directions. The magnetic 
field in tesla at the centre is 


304 
o h oi 
Tua Sw 
o = oF 


In a two-slit experiment, with monochromatic 
light, fringes are obtained on a screen placed 
at some distance from the slits. If the screen is 
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27. 


29. 


moved by 5 « 10? m towards the slits, the change 
in fringe width is 10° m. Then the wavelength 
of light used is (given that distance between the 
slits is 0.03 mm) 

(a) 4000 A (b) 4500 A 

() 6000A (d) 5500A 


A mass of 2.0 kg is put on flat pan attached to a 
vertical spring fixed on the ground as shown in 
below figure. The mass of the spring and pan is 
negligible. When pressed slightly and released, 
the mass executes a simple harmonic motion. The 
spring constant is 200 N m1. 
What should be the 
minimum amplitude 

of the motion so 

that the mass gets 
detached from the pan? 
(Take g =10 ms) 

(a) 10.0cm 

(b) 4.0 cm i 
(c) 8.0 cm 

(d) any value less than 12.0 cm 


. Along wire carries a steady current. It is bent into 


30. 


31. 


a circle of one turn and the magnetic field at the 
centre of the coil is B. It is then bent into a cricular 
loop of n turns. The magnetic field at the centre of 
the coil will be 

(a) nB (b) 1B 

(c) 2nB (d) 2B 

Tube A has both ends open while tube B has one 
end closed, otherwise they are identical. The ratio 
of fundamental frequency of tubes A and B is 

(a) 1:2 (b) 1:4 

(c) 2:1 (d) 4:1 

A thin lens of focal length f has a aperture of 
diameter d. It forms an image of intensity I. Now, 
the central part of the aperture upto diameter d/2 
is blocked by opaque paper. The focal length and 
the image intensity will change to 


i I 

@) Fz ©) fig 
af I 3I 

(c) ray (a) fri 


A solid cylinder of mass M and radius R rolls 
withoutslipping down an inclined plane of length 
L and height h. What is the speed of its centre of 
mass when the cylinder reaches its bottom? 


@ sh © feet 


© 4 sh 


O i 


32. 


33. 


34. 


35. 


36 


37. 


38. 


Two simple harmonic motions are represented by 


1 =5[sin 2nt + |3 cos2nt] and y, = Ssn 2 + 


The ratio of their amplitudes is 
(a) 1:1 (b) 2:1 

(©) 1:3 (d) V3:1 

Three similar cells, each of emf 2 V and internal 
resistance r Q send the same current through an 
external resistance of 2 Q, when connected in 
series or in parallel. The strength of the current 
flowing through the external resistance is 

(a) 1A (b) 15A 

(c) 2A (d) 0.75 

In the Bohr’s model of hydrogen atom, the ratio 
of the kinetic energy to the total energy of the 
electron in n™ quantum state is 

(a) -1 (b) +1 

(d) +2 

A circular disk of moment of inertia I, is rotating 
in a horizontal plane, about its symmetry axis, 
with a constant angular speed ,. Another disk of 
moment of inertia 1, is dropped coaxially onto the 
rotating disk. Initially the second disk has zero 
angular speed, Eventually both the disks rotate 
with a constant angular speed «, The energy lost 
by the initially rotating disc to friction is 


1 1_f oy 
a 20+h) ®) 2, +h) | 

l-h oo 1 ih 2 
(Q) o; (d) > 

(ly) 2 (+h) ' 


A cylindrical metallic rod in thermal contact with 
two reservoirs of heat at its two ends conducts 
an amount of heat Q in time t. The metallic rod 
is melted and the material is formed into a rod 
of half the radius of the original rod. What is the 
amount of heat conducted by the new rod, when 
placed in thermal contact with the two reservoirs 
in time £? 


@ 2 © g 
© 20 (a) Q 
2 


A 220 V input is supplied to a transformer. 
The output circuit draws a current of 2.0 A at 
440 V. If the efficiency of the transformer is 80%, 
the current drawn by the primary windings of the 
transformer is 

(a) 36A (b) 28A 

(© 25A (d) 50A 

A thin semi-circular ring of radius r has a positive 
charge q distributed uniformly over it. The net 


39 


field Ē at the centre O is 


Ai 


A point P moves in counter-clockwise direction 
on a circular path as shown in the figure. The 
movement of P is such that it sweeps out a length 
s =f +5, where s is in metres and t is in seconds. 
The radius of the path is 20 m. The acceleration of 
Pwhent=2sisnearly y, 

(a) 14ms? 
(b) 13ms? 
(c) 12ms? 
(d) 7.2 ms” 


. Half-life of a radioactive substance is 20 minute. 


The time between 20% and 80% decay will be 
(a) 20min (b) 30 min 
(c) 40 min (d) 25 min 


SOLUTIONS 


(c): Dimensional analysis suggests that the 
quantity Ax on RHS must have the dimensions 
of force whereas B must have the dimensions of 
reciprocal of time. Then, the product AB will have 
the dimensions of energy per unit area per unit 
time, the same as those of intensity of light. 
(a): Time taken by each ball to reach highest 
point, 
t= 


n 
As the juggler throws the second ball, when the 
first ball is at its highest point, so v = 0 
Using, v = u + at, we get 


o=u+(-g)(4) 


n 
or u= ( 2) 
n 


ma) 


(Using ©) 
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(b): Here, y, = 0.05sin(3t - 2x) 
O5sin(3nt + 2x) 

According to superposition principle, the resultant 
displacement is 


Y= yı + Yo= 0.05 [sin(3t - 2x) + sin(3nt + 2x)] 


mplitude of the resultant 
standing wave. 


=0.1cos (1 radian) = O.teos 8 


= 0.1c0s57.3° 
R =0.1 x 0.54 m = 0,054 m = 5.4 cm 


: py =i 
(d): Py = RT 


Initially, PV = R x500 wali) 


Finally, 
Z X) Rx300 (if x g gas leaks out) 
Hence, 2= set 
x=1g 
(a): 
Here m=0.1 kg, kı=8 N m”, k,=2 N m” 


The springs are connected in parallel, the 
equivalent spring constant is 
ky=ki+k =8 Nm? +2N m? =10N m? 


The frequency of oscillation is 


1 [ka 1 [00 Nm) 
m 2r\ (0.1 kg) 


=M iS ie 
2n n 


(c): At t=0.5s, the aal component of velocity 
is v= gt =g(0.5)= 5 £ agms 
Hence at t= 0.5 s, we have 

yu? +12 = x 


2 
or (4.0)? + =% 


or 5u? =4x (4.9)? or w= (0.8)(4.9) 
or u=(49)V0.8 =4.4 mst 
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10. 


(c) : According to Bernoulli's theorem 
P+ ipo = a constant. 


Near the ends, the velocity of liquid is higher so 
the pressure is lower as a result the liquid rises at 
the sides to compensate for this drop of pressure. 


LPN a dnp? 
gh = —pv* = =pro t v=ro) 
ps! 2P 2P ¢ ) 
ka rw? _ (2m) _ 20? u* 
28 2g 8g 
2 2 92 
_ 2x “oe x2" onmi 


(a): Emf of each cell = E 

Internal resistance of each cell = r 
Number of cells (71) = 4 

Total emf = nE = 4E 


Total internal resistance = nr = 4r 


Terminal voltage, op 
V=4E -I(4r) ges 
From the graph A 
When 1=0, V=5.6 V fa 
From (i) F 
5.6=4E-0 
p= -14v TEAS 
4 


(b): When a vehicle moves over an unbanked 
circular track, force of friction provides the 
necessary centripetal force. 


As fS uN 
2 c PRN 
m 
v? < upRg CEN 


Vmax = VHsRS 


max 
(c) : Let the bullet and wooden block will meet at 
time t and at a height x above the foot of the cliff, 


= mg) 


Using, h = ut + jee 
For the block 

dha 
(100 — x)= 3st 


C u=0 i) 


For the bullet 
x=100-4 gh 


Adding equations (i) and (ii), we get 
100 =100t or t=1s 


ii) 


11. 


12. 


13. 


(a): 


In the process AB and CD, volume is constant, 
Therefore, no work is done. 


Vv; 
Wpa =RTy wh) 


= Wpa=RTyIn2 
A 
Woe = ROT) 3] =— 28 In2 
hc Di oy a 


Total work done by the gas 

W= Wpa + Wac= RTyIn2 —2RTy In2 
RT In2 

IWI = RT In2 


(a): For objective lens, f, =+ 200 cm, 
ty =-2 «105. cm 
Fora lens 
1 1.1 


„1 1 _ 99 
200 2x10 2x10° 
2x10? 

„== cm 


999 
Consider magnification due to objective lens 


size ofimage _ 
size of object 


or w 


My 


Size of image = size of object x 


My 


2x10 1 _ 5000 
999 “2x10° 999 


(d): According to Bohr’s model, 


2 
me ("eX 


where m = orbit number, 
t= Bohr radius 
For Fm, Z=100 +. m=5 
=- 6) 
Tm = 499 0 
According to given problem 


= (50%100) cm=5cm 


14, 


15, 


16. 


(a): In case of a dipole in a magnetic field, 
Workdone, W = MB(cos0) ~ cos02) 
Torque, t= MBsin0 
Here, 0; = 0 and 0, = 0 = 60° 

. W=MB(1~cos®) = 2MBsin? $ 


t=MB sin0 = 2MBsing cos? 


2 
sof) 


or t=Wcot30°=(V/3)W 


(b): On 


1002 


50Q 
Ih 


J 
10 v 
Let R be the resistance of voltmeter. Then effective 
resistance of circuit is 


_ Rx100 _ ,,_ 150R +5000 
H R+100 ` R=+100 
Current in the cttenit f=? ____. 
(150R + 5000)/(R + 100) 
_ 10(R +100) 
~ 150R +5000 


Voltage drop across A and B is 

V'=5= Ix resistance across A and B 
_ 10(R +100), Rx100 ___1000R 
~ 150R +5000 (R+100) 150R + 5000 


On solving, we get R = 100 Q 


or 5 


(b): Let v be the velocity given by hand and h be 
the height to which the ball goes. 


be i 
h «(i) 
mv? = mgh 


If F is the force applied by the hand as it moves 


through 0.2 m, then 
jm +Fx0.2=mg(h+2) (ii) 


Using (i); 
mgh+ F x 0.2 = mgh + mg * 2 


PEX L omg =10x02x10=20 N. 


Les 
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= 100%0.104x10"? x9x 10” 


— 


znl 


-10x2 = 1.152J 
18. (b): Output of OR gate is A+B. Output of NAND 
gateis AB 
Now, Y=(A+B)-A'B =(A+B)-(A +B) 
If A=1andB=1, then 
A+B=1and A+B=0 
So, Y=0 
If A=0andB=0, then Y=0 
If A=1 and B =0,then 
A+B=1 


and B = 1, then 


Y=1 
So, the given combination is XOR gate. 


19. (a): System A is in isobaric process 
z AQu=nCpAT; 
System B is in isochoric process 
AQ: = nCyAT, 
AQ; = AQ; é 
nCpAT, =nCyAT +. AT, = = AT, 
E v 
For diatomic gas —* = cae AT, =30K 
Gp 3 
7 
. AT, =7x30=42K 
20. (c): Mass of third part =m- -= =% 
4 42 


: A m 
Let us consider that third part of mass — will 
move with velocity v as shown in figure. 


yadms! 
M 
4 
oy: M 
H = 
FOS) 
Sia 
Apply linear momentum conservation law along, 
x-axis 
Mx0= Bx vcos0) 
= veosd= : 7 (i) 


Similarly along y-axis 


Mx0=%x4+M (-vsin0) 
4 2 
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B 


(ii) 


= vsind=2=0, 
From (i) and (ii) we get 


(0): Ë 
ity} BS dé =dxi + dy} 
Work done, W = |F -dř 

A 0) 


= | Gr? 144 f)-(dxi + dy) 
(2,3) 


(3,0) (3,0) 

= f 3x°dx+4dy = | d(x? +4y) 
(2,3) (2,3) 

= (3,0) 

=[x" + 4yh 3) 

=27+0-(8+12)=27-20=+7] 
According to work energy theorem, 
Change in the kinetic energy = Work done, W 
=+7J 
(c): The capacitance of a parallel plate capacitor 


in the absence of the dielectric is 
fo 


=3+4x0-(2+4x3) 


Co= oi) 
where A is the area of each plate and d is the 
distance between them. 

The capacitance of a parallel plate capacitor in 
the presence of dielectric slab of thickness t and 
dielectric constant K, is 


c-—t0A =a 
3d 
zi es 
a-ne) idik) 
EA _ 4KeoA ` 
(Ea ie 0: sa 
d 3A d(K+3) w 
4 4K 
Divide (ii) by (i), we get 
C_ AKegA d __4K 
Co d{K+3) eA K+3 


(0) : Here, L = 25 mH = 25 x 10° H 
v =50 Hz, Vins = 220 V 
The inductive reactance is 
X = 2mul = 222 x 50x25x10 Q 


The rms current in the circuit is 
Viens — 220 


X, x50x25x10° 


rms TE 
7 
_ 7x1000 


=————_ A=28A 
25x25 


24. 


25. 


26. 


27. 


(b): According to Einstein's photoelectric 
equation, the maximum kinetic energy of the 
emitted electron is 

Kna =h ~ 
where, 

hv = photon energy 

do = work function 


2 
or zmax =hv-0o 


where m is the mass of an electron 
In the first case 


Emoto =1eV-0.5=0.5eV sali) 
In the second case 
Jroa =25eV-05eV=20eV (i) 


Divide (i) by (ii) we get 


Umax 95 1 or manl 
2 i 55 
vax 20 4 Unx 2 


(d): As the two coils are concentric and in the same 
plane, carrying currents in opposite directions, the 
total magnetic field at the centre of the concentric 
coils is 
2p. _p_ -Ho 27N; _ Ho 20N313 
en-he no m 


= Ba Nii Nol 
Qt K 


= Ha [10x02 _ 10x053 
2 


2 


0.2 


04 


(©): From B=2P an d B= z= 
2 
p-p =èp-p; 10-9» BASH? 
d p 0.03 x 10~ 
= 2.0310 _ 6 x10-7m = 6000 A. 
5x10 


(a): Let xy be the compression of the spring when 
mass m is placed on flat pan. Then 


mg = kxo 
mg _ 2x10 
xo =- =—— =0.1 =1 
or == 0m=10 cm 
If the mass is pressed through a small distance 


and let it go, it will execute S.H.M. of amplitude 
a, The mass will get detached from the pan if the 
restoring force m aw? > mg, then mass will move 
up with same acceleration, detached from the 
pan, i.e 


a> or a> & 
v (k/m) 
or a>— 9 _ 50,10 m 
(200/2) 


The amplitude > 10 cm, ie, the minimum 
amplitude is just greater than 10 cm for the given 
condition. Therefore, the minimum amplitude of 
oscillation = 10 cm 


. (b): The magnetic field at the centre of circular 


29, 


31 


cilis B= tol 
hareri (cis 2nr) 
Il Im 
peo! 2m _ ty i) 


When wire of length / bents into a circular loop of 
n turns, then 
l 
nx2n 
Thus, new magnetic field 
pra Hort Monl  nx2n _ poln 
ar 2 f 


l=nx2nr' =r’ 


xn? = 1B 

(Using (i)) 
(c): Let the tubes A and B have equal length 1. 
Since, tube A is opened at both the ends, therefore, 
its fundamental frequency 


v= a wali) 


Since, tube B is closed at one end, therefore, its 
fundamental frequency 


vsi wii) 
From eqs. (i) and (ii), we get 

Ya v/2l Ay 

Dp 0/42 


|. (d): The focal length of a lens does not change 


if a part of its blocked. If the central part of the 
aperture upto d/2 is blocked, the exposed area 
of the aperture reduces by one-fourth the earlier 
because 
ay 
{ 3) _1 
nd? 4 
Hence the intensity of the image reduces by a 
factor of 4. 


Thus the intensity becomes 1- A 7 2 
(c) : Potential energy of the solid cylinder at height 


h=Mgh. 
K.E. of centre of mass when reached at bottom 


2 
sim? +102 = bo? +2? 
2 2 2 2 R 


For 


PHYSICS FOR YOU | MAY'14 55 


K.E. = —Mo’ 
4 
+. Mgh = 3 Mo? 
4 
32. (b): Here, yı = ee + V3 cos2nt | 


=10 i 2nt + sin Feos 2u] 
=1 


0 
a + : 
5 

A 
A, 

33. (d): Er Er Er 
Ji Ji Ji 
1F 1F 1F 

Fi AI 
20 
Inseries, 


the effective emf of cells = 3E, 

effective internal resistance = 3r 

where E is the emf and r is the internal resistance 
of each cell, 


20 


In parallel, the effective emf of cells = E, 
effective internal resistance = r/3 


As per question, I = reat 
3 
or 6+r=2+3r or r=2Q 
Sxe 8 078A 
24+3x 


34. (a): In Bohr’s model of hydrogen atom, 

The kinetic energy of the electron in n" state is 

given by 
me* 


Begin? 
4 
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36. 


The potential energy of electron in n' state is 
given by 


n? 
Total energy of electron in n" state is given by 
me! 2me* 
Rektus Begh’n? = 8egh?n? 

__ me’ _ -13.6 
F Behn? n? 

E 

F5 


(d): As noexternal torque is applied to the system, 
the angular momentum of the system remains 
conserved. 

L= Ly 
According to given problem, 

Lo; = (l+ l)o 


lo; ‘ 

or w= (i) 
+h) i 

Initial energy, E; =F le} (i) 


Final energy, E, = ; (I, + D)o} 


Substituting the value of oy from equation (i) in 
equation (iii), we ee 
A 


2 Tot waiv) 
2 (l, +15) 


Final energy, E; => 3a + als 


Loss of energy, AE = E; — Ey 


2_1 Tot fois X 
= 5 hi 20th) (Using (ii) and (iv)) 
oF i fia o (1? +I TP 
2 Ge) 2 G+) 
-lbi y 
“2 Hy)” 


(b): The amount of heat flows in time f through a 
cylindrical metallic rod of length L and uniform 
area of cross-section A(= nR?) with its ends 
maintained at temperatures T, and T, (T, > T,) is 
given by 


Q= 
where Kis the thermal conductivity of the material 
of the rod. 


KAT = Ta) À 


2 2 
Area of cross-section of new rod a3] = 
=A Gi) 

4 
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37. 


38. 


As the volume of the rod remains unchanged 

AL=A'L' 
where L’ is the length of the new rod. 
or L’=L 4 Gii) 

=4L (Using (ii)) 

Now, the amount of heat flows in same time f in 
the new rod with its ends maintained at the same 
temperatures T, and T; is given by 

g- KA a= >) (iv) 
Substituting the values of A’ and L’ from equations 
(ii) and (iii) in the above equation, we get 

g= K(A/4)(T, -Tt _ 1 KAT -T,)t 

4L 16 L 


(Using(i) 


(d): Here, 
Input voltage, V, = 220 V 
Output voltage, V, = 440 V 
Input current, [, = 
Output current, I, =2 A 

Efficiency of the transformer, n = 80% 


Efficiency ofthe transformer, = QutPut power 
Input power 
=“, 
Vplp 
o [a Vile = HOW) A) 
p tee ve = MOV) RA) 
Wy) ( 2) 220 V) 
100) 2 V) 
MOVANO) a 


(80) (220 V) 
(d): Linear charge density, à = 
nr 


acoso | 
ae) 


x 


Consider a small element AB of length dl 
subtending an angle d0 at the centre O as shown 
in the figure. 

Charge on the element, dq = Adl 


=Ard0} w a 


a0 = =) 
The electric field at the centre O due to the charge 
element is 

1 dg__Ardo 


dE=— 
Amey r? Anegr? 
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. (c): According to radioactive decay, N = Noe 


Resolve dE into two rectangular components 
By symmetry, fæ cos0=0 
The net electric field at O is 


z 
È= faesino-j) = =| Arde 
0 o neor 


sin(-}) 


-B-A 
v d at +3)=3t a 

Tangential acceleration, a, = =- Ter 6t 
Att=2s, 

= 3(2)2=12 ms", a= 6(2)=12 ms? 
Centripetal acceleration, 

2 2 
oy 72m? 


R 20 20 
Net acceleration, 


a=(a,)° +a}? = 


7.2}? + (12)? =14 m s? 
an 

where, 

No = Number of radioactive nuclei present in the 

sample at f= 0 


N = Number of radioactive nuclei left undecayed 
after time t 


À = decay constant 


For 20% decay 
80No _ = Nye* ai 
100 
For 80% decay 
z = Noe sail) 
Dividing equation (i) by (ii), we get 
4= eM- 
= 4=eM2-4) 


Taking natural logarithms of both sides of above 
equation, we get 
In 4=À(h-h) 


In2 
2In2=—* (ty -h) 
Ty2 


bh-h=2% Ty) =2* 20 min = 40 min 
oo 


PRACTICE QUESTIONS 


© PMTs 


Useful for All National and State Level PMTs 


A projectile has initially the same horizontal 
velocity as it would acquire if it had moved 
from rest with uniform acceleration of 3 m s”? for 
0.5 minutes. If the maximum height reached 
by it is 80 m, then the angle of projection is 


(Take g=10 ms*) 
(a) tan) © w3] 


© tan( 5) (a) sa Al 


A horizontal force, just sufficient to move a 
body of mass 4 kg lying on a rough horizontal 
surface, is applied on it. The coefficients of static 
and kinetic friction between the body and the 
surface are 0.8 and 0.6 respectively. If the force 
continues to act even after the block has started 
moving, the acceleration of the block in m s? is 
(Take g= 10 m s?) 

(a) 1/4 (b) 1/2 

() 2 (d) 4 

A particle of mass 100 g is thrown vertically 
upwards with a speed of 5 ms“. The work done 
by the force of gravity during the time the particle 


goes up is 
(a) 0.5J (b) -0.5) 
(© -1.25] (d) 1.25] 


tia of a solid flywheel of radius 
0.1 kg m2, A tangential force 
of 2 kg wt is applied round the circumference of 
flywheel with the help of string and mass M. The 
acceleration of the mass is 

(a) 18.6 rad s? (b) 19.6 rad s? 

(c) 14.6 rad s? (d) 16.7 rad s? 


A conducting sphere of radius 10 cm is charged 
with 10 uC. Another uncharged sphere of radius 
20 cm is allowed to touch it. After that if the 
spheres are separated, the surface density of 
charges on the spheres will be in the ratio of 


(a) 1:4 (b) 1:2 

(c) 1:3 (d) 2:1 

A 100 V voltmeter having an internal resistance 
of 20 kQ, when connected in series with a large 
resistance R across a 110 V line reads 5 V. The 
magnitude of resistance R is 

(a) 210kQ (b) 310 kQ 

(c) 420kQ (d) 440 kQ 


A moving coil galvanometer of resistance 100 Q 
is used as an ammeter using a resistance 0.1 Q, The 
maximum deflection current in the galvanometer 
is 100 pA. The minimum current in the circuit so 
that the ammeter shows maximum deflection is 
(a) 100.1 mA (b) 1000.1 mA 

(©) 10.01 mA (d) 1.01 mA 


The radius of curvature of a thin plano-convex 
lens is 10 cm (of curved surface) and the refractive 
index is 1.5. If the plane surface is silvered, then 
the focal length will be 
(a) 15cm 

(© 5cm 


(b) 20cm 
(d) 10cm 


A hole is drilled in a copper sheet. The diameter of 
the hole is 4.24 cm at 27°C, What is the change in 
the diameter of the hole when the sheet is heated 
to 227°C? (Take coefficient of linear expansion of 
copper = 1.70 x 10 °C) 

(a) 1.44 x10? cm (b) 1.44 x 10° em 

(©) 1.44 x 107 cm (d) 144cm 


. A glass tube of length 1.0 m is completely filled 


with water. A vibrating tuning fork of frequency 
500 Hz is kept over the mouth of the tube and the 
water is drained out slowly at the bottom of the 
tube. If velocity of sound in air is 330 m s”, then 
the total number of resonances that occur will be 
(a) 2 (b) 3 

(c) 1 (da) 5 
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m 


12. 


13. 


14. 


15. 


16. 


17: 


The efficiency of Carnot engine is 50% and 
temperature of sink is 500 K. If temperature of 
source is kept constant and its efficiency raised 
to 60%, then the required temperature of sink 
will be 

(a) 100 K (b) 600 K 

(c) 400 K (d) 500 K 


At what distance in metre from the centre of the 
moon, the intensity of gravitational field will be 
zero? (Take mass of earth and moon as 5.98 x 1024 kg 
and 7.35 x 10% kg respectively and the distance 
between moon and earth as 3.85 x 10° m.) 

(a) zero (b) 3.8 x 107 

(© 8x 108 (d) 3.7.x 108 


A cylindrical vessel is filled with equal amounts 
by weights of mercury and water. The total height 
of the two layers is 29.2 cm, The pressure of the 
liquid at the bottom of the vessel is (Take specific 
gravity of mercury =13.6) 

(a) 8cm of Hg (b) 6 cm of Hg 

(©) 4em of Hg (d) 2cm of Hg 


The dimensional formula for acceleration, 
velocity and length are af, af! and ay. What 
is the dimensional formula for the coefficient of 
friction? 

(a) apy (b) pye 

(c) pe (d) By" 

An ideal choke takes a current of 10 A when 
connected to an AC supply of 125 V and 50 Hz. 
A pure resistor under the same conditions takes 
a current of 12.5 A. If the two are connected to 
an AC supply of 100/2 V and 40 Hz, then the 
current in series combination of above resistor 
and inductor is 
(a) 10A 

(©) 20A 


(b) 125A 
(d) 25A 


Maximum velocity of the photo electrons 
emitted by a metal surface is 1.2 x 10° m s”, 
Assuming the specific charge of the electron to be 
1.8 * 10" C kg’, the value of the stopping 
potential in V will be 
(a) 2 

(c) 4 


(b) 3 

(d) 6 

10° kg of radioactive isotope of atomic mass 
226 emits 3.27 x 10! a-particles in a second. If 
4.2 x 10? J of energy is released in 1 hour in this 
process, the average energy of the o-particle is 
(a) 142 MeV (b) 1.96 MeV 

(©) 9.02 MeV (d) 19.6 MeV 
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18. 


19, 


20. 


21. 


8 


. Amass of 2kgis puton a flat panattached f 


10 mA current can pass through a galvanometer of 
resistance 25 Q. What resistance in series should 
be connected through it, so that it is converted 
into a voltmeter of 100 V? 

(a) 0.9759 (b) 99.75 Q 

(© 9752 (d) 99752 


A 24 kg block resting on a floor has a rope tied 
to its top. The maximum tension, the rope 
can withstand without breaking is 310 N. The 
minimum time in which the block can be lifted a 
vertical distance of 4.6 m by pulling up the rope is 
(a) 1 (b) 13s 

(© 17s (d) 23s 

A bullet of mass 50 g is fired from a gun of mass 
2 kg. If the total kinetic energy produced is 
2050 J, the kinetic energy of the bullet and the gun 
respectively are 
(a) 200J,5J 
(© 5J,200J 


(b) 2000 J, 50) 
(a) 50J, 2000 J 


Two uniform thin rods each of mass M and length 
lare placed along X and Y axis with one end of 
each at the origin. Moment of inertia of the system 


about Z-axis is 
Ja 2 age 
à ÉM 

@ Mi © 5 


(©) 2ME (d) none of these 


to a vertical spring fixed on the ground as 
shown in the figure. The mass of the spring 

and the pan is negligible. 

When pressed slightly and released the 

mass executes a simple harmonic motion. 
The spring constant is 200 N m”. What should be 
the minimum amplitude of the motion, so that the 
mass gets detached from the pan? 

(Take g=10 m s?) 

(a) 8cm 

(b) 10cm 

(c) 4em 

(d) Any value less than 12 em 


A solid conducting sphere of radius 10 cm is 
enclosed by a thin metallic shell of radius 20 cm. 
A charge q = 20 4C is given to the inner sphere. 
Find the heat generated in the process when 
the inner sphere is connected to the shell by a 
conducting wire. 
(a) 24J 

(c) zero 


©) 9J 
(a) 12) 


24. 


25. 


26. 


27. 


28. 


29, 


30. 


A conducting circular loop is placed in a uniform 
magnetic field 0.04 T with its plane perpendicular 
to the magnetic field. The radius of the loop starts 
sinking at 2 mm s”', The induced e.m.f. in the loop 
when the radius is 2 cm is 

(a) 16n uV (b) 3.27 uV 

(c) 48n uV (d) 0.8 7 uV 

The image of an electric bulb fixed in a wall is to 
be obtained on the wall opposite to it at a distance 
of 3 m. The maximum possible focal length of the 
convex lens is 

(a) 3.25m (b) 1.55m 

(c) 0.75m (d) 0.28m 


The output Y of the logic circuit shown in figure is 
best represented as 


(a) A+B-C (b) A+B-C 
(©) A+B-C (d) A+B-C 


Aball falls under gravity from a height 10 m with 
an initial velocity vo. It hits the ground, loses 50% 
of its energy in collision and it rises to the same 
height, what is the value of v? 

(a) 14mst b) 7ms1 

(©) 28mst (d) 9.8m s? 


A copper block of mass 2.5 kg is heated in a 
furnace to a temperature of 500°C and then 
placed on a large ice block, What is the maximum 
amount of ice that can melt? (Take specific heat of 
copper = 0.39 J g? K+, heat of fusion of 
water = 335 J g’) 

(a) 15kg (b) 2.5 kg, 

(© 3.5kg (d) 4.5kg 


A string of mass 2.5 kg is under a tension of 
200 N. The length of the stretched string is 20 m. 
If the transverse jerk is struck at one end of the 
string, how long does the disturbance take to 
reach the other end? 

(a) 1s (b) 05s (©) 15s 
When an ac source of yi 
voltage V = Vysin100t 
is connected across 
a circuit, the phase 
difference between 
the voltage V and 
current I in the 
circuit is observed to 
be 7/4, as shown in figure. 


(d) 25s 


Tand V- 


31. 


32. 


33, 


34, 


35. 


If the circuit consists possibly only of RC or 
RL or LC in series, find possible values of two 
elements. 

(a) R=1kQ,C=10 uF 

(b) R=1kQ,C=1pF 

(c) R=1kQ,L=10 mH 

(d) R=10kQ, L=10 mH 


A bullet of mass 0.01 kg and travelling, at a speed 
of 500 ms" strikes a block of mass 2 kg, which is 
is suspended by a string of length 5 m. The centre 
of gravity of the block is found to rise a vertical 
distance of 0.1 m. What is the speed of the bullet 
after it emerges from the block? 

(a) 580ms7 (b) 220 m s? 

(c) 14ms4 (d) 7.8ms7 


Two simple pendulums of length 0.5 m and 20 m 
respectively are given small linear displacement 
in one direction at the same time. They will again 
be in the phase when the pendulum of shorter 
length has completed 
(a) 5 oscillations 

(©) 2 oscillations 


(b) 1 oscillation 
(d) 3 oscillations 


The frequency of a tuning fork A is 2% more 
than the frequency of a standard tuning fork. 
The frequency of another tuning fork B is 
3% less than the same standard tuning, fork. 
If 6 beats s”! are heard when the two tuning forks 
A and B are excited, the frequency of A is 

(a) 120 Hz (b) 122.4 Hz 

(©) 116.4 Hz (d) 130 Hz 


Two wires of the same material 
(Young's modulus Y) and same 
length L but radii R and 2R 
respectively are joined end to end. 
A weight w is suspended from the 
combination as shown in the figure. 
The elastic potential energy in the 
system is 


3w?L 3w°L 
anR2Y (>) Joy 
nR Y 8nR°Y 
5w°L wh 
c d 
9 8nR°Y a nR°Y 


22 g of carbon dioxide at 27°C is mixed in a 
closed container with 16 g of oxygen at 37°C. 
If both gases are considered as ideal gases, then 
the temperature of the mixture is 


(a) 24.2°C (b) 28.5°C 
(© 315°C (a) 335°C 
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36. 


37, 


38. 


39. 


40. 


4. 


42. 


62 


The electrical conductivity of a semiconductor 
increases when electromagnetic radiation of 
wavelength shorter than 2480 nm is incident on it. 
The band gap for the semiconductor is 

(a) 0.5eV (b) 1.7eV 

(c) 11eV (d) 2.5eV 

If the series limit wavelength of the Lyman series 
for hydrogen atom is 912 A, then the series limit 
wavelength of the Balmer series for the hydrogen 


atom is 
(a) 912A 


(c) 912x4A 


(b) 912x2A 
912 x 

@ 7A 

A thin equiconvex lens has focal length 10 cm 

and refractive index 1.5. One of its faces is now 

silvered and for an object placed at a distance u 

in front of the lens, the image coincides with the 

object. The value of u is 

(a) 10cm (b) 5cm 

(© 15cm (d) 20cm 


The electric current in a circular coil of two turns 
produced a magnetic induction of 0.2 T at its 
centre. The coil is unwound and is rewound into a 
circular coil of four turns. The magnetic induction 
at the centre of the coil now is, in tesla (if same 
current flows in the coil) 

(a) 0.2 (b) 04 

(c) 0.6 (d) 0.8 

In a series LCR circuit the voltage across the 
resistance, capacitance and inductance is 10 V 
each. If the capacitance is short circuited, the 
voltage across the inductance will be 

(a) 10V (b) 10V2 V 

© (10/¥2) Vv (a) 20V 


A man in a balloon rising vertically with an 
acceleration of 4.9 m s? releases a ball 2 s after 
the balloon is let go from the ground. The greatest 
height above the ground reached by the ball is 
(Take g =9.8 ms) 
(a) 147m 

(©) 9.8m 


(b) 19.6m 
(d) 245m 


A sand bag of mass M is suspended by rope. A 
bullet of mass mis fired at it with speed v and gets 
embeded in it. The loss of kinetic energy is 


Mmv? Mv 
D Mm O) IM+ 
my? 1 P 
© arem (@) FM +m. 
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43, 


È 


45, 


47. 


48, 


49, 


A mass of 2.9 kg is suspended from a string of 
length 50 cm, and is at rest. Another body of 
mass 100 g, which is moving horizontally with 
a velocity of 150 m s” strikes and sticks to it. 
When the string makes an angle of 60° with the 
vertical, the tension in the string would be 

(a) 270N (b) 215N(c¢) 135N (d) 95N 


‘Two blocks of masses 10 kg and 4 kg are connected 
by a spring of negligible mass and placed on a 
frictionless horizontal surface. An impulse gives 
a velocity of 14 m s* to the heavier block in the 
direction of the lighter block. The velocity of the 
centre of mass is 

(a) 30ms" (b) 20ms 

(©) 10ms" (d) Sms 


Force on a 1 kg mass on earth of radius R is 10 N. 
Then the force on a satellite revolving around 
the earth in the mean orbital radius 3R/2 will be 
(Take mass of satellite = 100 kg) 

(a) 4.44x10°N (b) 3.33 x 10° N 

(©) 500N (d) 6.66 x 10N 


. A 5 kg brick of dimensions 20 cm x 10 cm x 8 cm 


It is now made to 
=10 m s”, then the 


is lying on the largest bas 
stand with length vertical. If 
amount of work done is 

(a) 3J (b) 5) () 7J (d) 9J 

A plane electromagnetic wave of frequency 25 MHz 
travels in free space along the x-direction. At a 
particular pointinspaceandtime, E= 6.3) V m™ 
At this point B is equal to 

(a) 8.33x10%kT (b) 18.9x 10% KT 

() 21x10kT (d) 24x10 7 T 

For a common emitter amplifier, the audio 
frequency voltage across the collector resistance 
2 KQ is 2 V. If the current amplification factor of 
the transistor is 200, and the base resistance is 
1.5 KQ, the input signal voltage and base current 
are 

(a) O.1Vand1pA (b) 0.15 Vand 104A 
(c) 0.015Vand1A (d) 0.0075 Vand 5 wA 


Two masses of 40 kg and 30 kg are connected 
by a weightless string passing over a frictionless 
pulley as shown in the figure. The tension in the 
string will be 


D 


(a) 168N (b) 188 N 


(©) 268 N 


(d) 368 N 


50. Aconductor AB of length L carrying a current ly, is where a is the linear acceleration. 


placed perpendicular to a long straight conductor If a be the angular acceleration of the flywheel, 
XY carrying current I, as shown in figure. The then 
force on AB in magnitude is t=la=TR 
FA and a= Ra 
Putting the value of equations (ii) and (iii) in (i), 
f we have 
1 h la 
Mg- 1t = MRa 
ea = B SOR 
ne A as M8R =167 rad s? 
y T+ MR? 
7 5. (d): Common potential 
EAA (by Holla ing y-hth 
2n 2n A 
(o Halle ng (d) Holly o 1040 __10 
on 3n Gney(0.1+0.2) — 4neg(0.3) 
SOLUTIONS Charges after contact 
10 _ 10 
Dein? "=C V = 4neg(0.1)x—10__ - 10 
1. (©): As, maximum height H = “Sit 8 mas 0D e03 3 
22 10 _ 20 
wsin?0 gp’ = CoV =4ne,(0.2)x—10__ = 20 
80 = ——_ 2 2 0 
pean ane, 03 3 
or 1sin’0=1600 or usinð=40m s7 oy a am nfo 
Horizontal velocity = u cos® " PE AE 
ay an h 
E E 
f 3x30=90 ms 10, »3(02) Wepre 
Now, usin@ = 40 =3 2040. 2 
ucosd ` 90 6 o: R 
pa 
AWWW 
or tano=4 orð=tan"| 4 g 
9 9 ik yl 
2. (c): The minimum force required to just move a 
eia fi uve 
e limiting friction, f, = ng EERE 
The force which is responsible for the increase in Carrent in clreultis 
velocity of the block, je ey wi) 
A (20 KAFR) 
0.8 - 0.6) x4 « 10=8N Also 5 = 1x 20 kQ=1x 20x 10 


F_8 f 
=+=522 ms? 
AR a el or 


3. (c): For the particle thrown vertically upwards 


(ii) 


From (i) and (ii), we have 


m=100g,u=5ms",v=0,a=g=-10ms? = 
Let h be the height attained by the particle 10% ___110 
v- u? = 2gh 4 20kQ4+R 
or 0- (5) =2 (-10)x h On solving, R = 420 kQ 
= 25/20 
Work done by the force of gravity during the time, | 7. (a): Here, G = 100 Q, S = 0.1 Q, I =100 x 10%“ A, 
particle goes up a NEATE 
= -mgh = -—— x10 x > = -1.25J 
1000 F (iy 
4, (d): If Tis the tension in the string, then equation j 
of motion of mass M is =O 5 
Mg-T=Ma wi) eae i 
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As, 1,G=(I-1,)S=IS~1,5 
he 1,(G+5) _ (100 10°) x (100 + 0.1) 


S 0.1 
=100.1 x 10° A = 100.1 mA 
1 14 
8. aras tzu- 2-2) 
F R, R, 
11) 1 
aü teL 
i (; =i) 20 


9. (a):In this problem superficial expansion of 
copper sheet will be involved on heating. 
Here, area of hole at 27°C, 
nD? _ n 
S =T =F x424 cm? 


If D; cm is the diameter of the hole at 227°C, then 
area of the hole at 227°C, 


Coefficient of superficial expansion of copper is 
B= 20.=2 1.70 x 105 =3.4 x 105 °C7 

Increase in area = S, - S, = BS,AT 

1 +BSIAT =S; (1+ BAT) 


=F (4.24)? [1+ 3.4 x10 x (227 - 27)] 


or D} = (4.24)? x 1,0068 
D, = 4.2544 cm 
Change in diameter = D, ~ D, = 4.2544 - 4.24 
= 0.0144 cm = 1.44 x 10? cm 
330 
10. (b): As A=2= 20 = 0.66 m= 
( R= = Fog 7 066 M = 66 em 
This tube is closed at one end. The length of the 
tube resonating are 
A 3A 5A 7A 
TT g g and soon 
a =16.5cm, a =49.5 cm, 


5A 7A 
Te 82.5 cm, Te 115.5 cm. 


But the 7™ harmonic needs a length greater than 
the tube length. 

There will be three resonances, as the length 
of the tube is only one meter. 


11. (0): Efficiency (n) of a Carnot engine is given by 

n=1-2, where T, is the temperature of the 
X 

source and T; is the temperature of the sink. 
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12. 


13. 


14. 


15, 


Here, T, = 500 K, n = 50% 


. 05=1-5% =, T, =1000K 
T 
Now, Ww=06=1--2- (Ty is the new sink 
T000 
temperature) 
= Ty =400K. 


(b): Let x be the distance of point from the centre 
of earth where gravitational intensity is zero. 
Therefore, 

GM, GM„ 


x 85x10" -x 


jM 
3.85x10°-x \M,,~ 


or pte = 3.85% 10" 


5.9810" _ 
7.35 x10" 


x= 23.85% 108 
10 
Distance from moon = 3.85 x 108 — 3.47 x 10° 
=3.8x 107m 


(©) : Let hy, ly be the height of mercury and water 
layers in the vessel. Let A be the area of cross-section 
of the vessel. Since their weights are equal so 
(Ax hy) x 13.6 x g=(A xh) x1 x8 
or f= 13.6h, 
Given, / + h,= 29.2 

M +13.6 h = 29.2 
or fy=2em 

hy = 13.6 x 2= 27.2. cm 
Total pressure exerted by mercury and water on 
the bottom of vessel 

=hħx13.6xg+ħmx1xg 

= (2 x 13.6 x 980 + 27.2 x 1 x 980) dyne 


224272 294024 emof Hg 
13.6 


or =3.47x108 m 


(d): Here, [a] = LT? = aß? 


Coefficient of friction, 


pe $ =M?LPT? i.e. dimensionless 


Now, of"B%1=LOT%1)1 =1, 
which is dimensionless. 


16. 


17. 


18. 


19. 


vV, 
X, =oL=2mi= 4-13-1259 
I, 10 


2nvl = 12.5Q 
or 2nL= ws =0.25H 
50 


Xi, =2nL xv’ =0.25 x 40=10Q 
Impedance of the circuit, 


Z= R? +(X,)? = V10 +10? = 10V2 Q 
-W tov 
Z 102 


(c) : Specific charge of electron, 


Current = =10A 


e 11 -1 
—=18x1 ki 
© =18x10"C kg 


Maximum kinetic energy of photoelectrons 
= RIN =eV, 
(where V, is the stopping potential) 


5m =e, 


2 62 
or vy, me 02X10) _ 
2e 2x18x10" 
(d): Number of particles emitted per second, 
dN 
TAN 
dt 


Number of particles emitted in 1 hour 
=AN x 3600 = x x 3600 


= 3.72 x 10! x 3600 

Energy of all particles = 4.2 x 10? J 

Energy of one particle 

4.2.x 107 1 
s— L] 
372x36x10 1.6x10 

=19.6 MeV 
(d): A galvanometer can be converted into a 
voltmeter of given range by connecting a suitable 
resistance R in series of galvanometer, which is 
given by 


MeV 


1 
s 

Here, V= 100 V, I= 10 mA =10 *10°A 

G=259, 


R= ee -25 
10x10 
= 10,000 - 25 = 9975 Q 


(© : Effective upward force, F= 310 - mg 
=310 -24 x9.8=74.8N 


21, 


24. 


Upward acceleration 


=E-748 312m? 
m 24 
1 T=310N 
As s=ut+=al? 


46-042 x312«0 


4.6 
=— =29: 
1.56 5 


or ¢=y295=175 


or P 
mg 


). (b): Since there is no external force acting on gun 


bullet system, hence p= py. 


2 
K= or Kel 
2m m 


and K, = 2050 — 2000 = 50 J. 

(b): According to theorem of parallel axes, 
moment of inertia of a rod about one of its ends 
MP, MP _ MP 
12 4 3 

Moment of inertia of two rods about Z-axis 
= Moment of inertia of 2 rods placed along X and 


2M? 


Y-axis = 


(b): Let the minimum amplitude of SHM is a. 
Restoring force on spring, F = ka 

Restoring force is balanced by weight mg of block. 
For mass to execute simple harmonic motion of 
amplitude a, ka = mg 

ng 


or as "E 
Here, m =2 kg, k= 200 N m-, g = 10 m s? 
2X10 10 = 100cm =10m 
200 ~ 100 100 


Hence, minimum amplitude of the motion should 
be 10 cm, so that the mass gets detached from the 
pan. 


(b) 

(b): = BA cos® = B{(nr?) cos 0° 
-2 dr 

lel= P= Bg 
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26. 


27. 


28. 


29. 
30. 


=0.04 x n(2 x 2 x 10?) x 2 x 10° 
=3.2 n x 10% V=3.2npuV 


. (c): For a real image (on wall), the minimum 


distance between the object and image formed 
by the convex lens should be four times the focal 
lens. 

Maximum focal length of the convex lens is 

Afan =3 M 

3 

fo = = 0.75. 
(d): A 

B 


ba 
Ml 
Cc 


fl 
1 
At logic gate I, the Boolean expression is 
B.C 
At logic gate II, the Boolean expression is 
A+(B-C) 
At logic gate III, the Boolean expression is 
Y= A+(B-C) 
(a): Let v be the velocity when it hits the ground. 
Then from v? = u? + 2as, 
v? =v? + 2g * 10 
=u? +2x 9.8 x10 
ie, P= +196 
Let v’ be the velocity after impact and it reaches 
the same height 10 m. 
v2—-0=2*98%x10=196 = v=14ms”. 
Ratio of kinetic energy before impact and after 
impact 
1 x 
3 mv _ vt _ +196 E 
196 


2 yf 


T 
Smo’ 


2 
vg = 2196 -196=196 = vy =14ms7 

(a): Here, mass of copper block, m = 2.5 kg = 2500 g 

Fall in temperature, AT = 500-0 = 500°C 

Specific heat of copper, s = 0.39 J g! K7 

Latent heat of fusion of ice, L = 335 J g? 

Let the mass of ice melted be m’. 


According to principle of calorimetry, 
Heat gained by ice = Heat lost by copper 
mL = msAT 


(b) 


(a): Given figure shows that current I leads the 
voltage V by a phase angle 1/4. Therefore, the 
circuit can be RC circuit alone. 
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31. 


33. 


= eal 
wCR 
From V= Vo sin1001, we get 
w= 100 rad s” 
1 T 
R=—=— sing (i 
CR=o = 00 (Using (i) 


When R= 1kQ=10°Q 
c=} =105F = 10 uF 
10 
(b): The speed acquired by block, on account of 


collision of bullet with it, be v) m s~. Since the 
block rises by 0.1 m, hence 


o1= 2 
2g 
= w=2xgx0.loru=vV2 ms” 
Now as per conservation of momentum law for 
collision between bullet and block, 
mu = mv + Moy 


1 


M 2 
S vsu- 0 = 500-2 xv2 
= (500 - 200/2) ms“! = 220 m s! 
(a): Let T, Tz be the time period of shorter length 
and longer length pendulums respectively. 
As per question, 
nT, = (n-1)Ty 


2 o-n f 
8 


or n= (n=1)N40 = (n-1)6 

Hence, 5n = 6 

Hence, after 5 oscillations they will be in same 
phase. 


(b): Let the frequency of standard fork = x 


so, n2n 


meenet 
A 100° ” 100 
Number of beats s~ =6 
or 102,_ 97, 
100° 100 
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6x 100 
es 
5 


Frequency of A= ee 120 = 122.4 Hz 


= 120 Hz 


3. (9 


i. (c) : For carbondioxide, number of moles, 
22/1 


meses 


g 


44 2 
molar specific heat of CO, at constant volume, 
C,, 2 3R. 

16_1 

For oxygen, number of moles 1 = 35 = 57 Molar 
specific heat of O; at constant volume C, = 2, 
Let T K be the temperature of mixture. 
Heat lost by O, = Heat gained by CO, 

mC AT = mC, AT, 


1/5 
1 2R 
d2 
or 1550-5T=6T -1800 
^ T=304.54 K = 31.5°C 


Jei- T)= ; x(3R\(T -300) 


36. (a); Band gap = Energy of photon of wavelength 


2480 nm 


34 8 
a. Serii x3x10' eV =05eV 
À  2480x10° x1.6 x 107 
37. (co) 


38. (b): The radius of curvature of silvered face is 
given by 


‘a 1 1 
pealik] 


1 2 
—=(15-1)} = = 
or 0 (15 (2] or R=10cm 


The rays refracted at the unsilvered face will be 
incident along the radius of the silvered face. 
So, the virtual image formed by the lens is at the 
centre of curvature of the silvered face. As R= 10cm 
so, v =+ 10 cm. Now 
1 1 1 1d _1 
=> ot —— + 
10 u 10 


vou f 
‘ 10 
Solving, we get, w=—=5cem 
39, (d): When there are two turns in the coil, 
length of wire |= 2 x 2nr, 
eek 
an 
HoN! _ 2Mol _2x4nuol 
1 2% Um 
When there are four turns in the coil, 


nñ 
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1=4x 2m, = 
8r 
p, = PoNal _ Ahol _ 4x 8mp] 
2 2h Tèn 1 
B, 
BoB log =4B=4x0.2=08T 
B, 32 4 


40. (c): Here, R= X, = Xc 
(° voltage across them is same) 
Total voltage in the circuit, 
V= I[R}+ (X; - Xo)}?]"2= IR = 10 V 
When capacitor is short circuited, 
10 10 


(REX VBR 


Potential drop across inductance 
10 


=IX, =IR= 


41. (a): For the balloon, a=4.9 m s?, t= 2s, u=0, 


Now, s=ut+žat 


s =0+5x4902} =98m. 


This is the height from where stone is dropped. 
Upward velocity of stone, 
v=utat=04+49x2=98ms" 
The stone will move up till its velocity = 0. 
From, v- u? = 2as 
0 - (9.8)? = 2(-9.8)s’ s=4.9m 
Maximum height above the ground 
=sts'=98+4.9=14.7m 
42. (a): According, to law of conservation of linear 
momentum, mv = (M + m)V 
_ mo 
(M+m) 1 
K.E. of the system after collision = 5 (M + m)V? 


or 


i (mv)? 
~ 2(M+m) 
1 (me)? 


L? 
Loss of K.E. = ate 2(M+m) 


_ mv | M+m 
2 M+m 


(c) : Here, M = 2.9 kg, 1= 50 cm = 0. 
m= 100 g = 0.1 kg, v= 150 m s”, 0 = 60° 


=l(m+ m me) 
2 M+m 


43. 


45. 


46. 


47. 


If v is combined velocity at A, then from the 
principle of conservation of linear momentum, 
(M+ moy = mu 

| mu _ 0.1%150_ 
“M+m 29401 — 


A 
% 5ms 


Height gained in going from A to B, 
h = 1(1 — cos6) = 0.5(1 — cos60°) = 0.25 m 
Now, K.E. at B = K.E. at A - (M + m)gh 


im +m)v5 = im +m)v} - (M +m)gh 


vh =v} — 2gh = 5° -2x9.8x0.25 = 20.1 m? 


i 
freee 
Bone +(M+im)gcos® 


Tension at B = 


= 34201 3x98% 1 =1353N 
05 2 


. (c): Here, m = 10 kg, m =4 kg 


v,=14ms4,7.=0 
_10x14+4x0 


n si 
vas o Oms 
(a): On the surface of earth, the force on a mass of 
1kg is 
_GMm 


F 


RÈ 
When the radius of the satellite, r=3 R/2, the force 
on the satellite is 


p- CMM’ _ GM x100 
r? BIFE 


= lox x100 = 444x102 N 

(a): 

Initial height of C.G. =4cm 

Final height of C.G. = 10cm 
Increase in height — =6 cm = 0.06 m 


Work done =5x10x0.06J=3J 


(© : Here, E=6.3) Vm” 
The magnitude of Bis 
E_ (63Vm™”) 

c (3x10 ms“) 
Eis along y-direction and the wave propagates 
along x-axis. Therefore B should be in a direction 
perpendicular to both x and y-axes. Using vector 
algebra Ëx B should be along x-direction. 


B= =21x10®T 


Since (+])x(+k) = 1,8 is along z-direction. Thus 
B=21x10®kT 

(d): Here, 

V,=2V, R,=2kQ, R;=1.5 KQ, B= 200 


or = k T ozko T0075 
Erg IMA 
= TA 0.005 mA 
=5x10°A=5pHA 


. (a): Here, m= 40 kg, m, = 30 kg, 


Let T be the tension in the string and a is 
acceleration of the system of two masses. 

Their equations of motion are 

ma = m,gsin30° -T a) 
ma = T- mgsin30° a(i) 
Adding (i) and (ii), we get 

(im, + m)a = (1m, = m)g sin30° 


(40+30)a=(40 -30)9.8 x49 


49_ 


a=—=07ms" 


“70 
From (ii), 
T= ma + msgsin30° 


=30 0.7 + 309.8 x5 
=21+147=168N 


l ©: ER 


Consider an element of length dx on AB at a 
distance x from XY., Force on the element is 


aF = Ho 2l y p, x dx = Holle dx 

4n x? Qn x 
Total force on AB is 
(3L/2) 

Hy dx _ Holly 

F=ton, f S-0r2ing 

an 12 J x an 
L/2 
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P 


Solved Paper 2014 


JEE MAIN 


When a rubber-band is stretched by a distance 
x, it exerts a restoring, force of magnitude F = ax + bx? 
where a and b are constants. The work done in 
stretching the unstretched rubber-band by L is 


Ifa bÈ iugi 

aa ee b) aL? + bL 
(a) i tg (b) al? +b 

iays aL bÈ 
(c) Sau +o) (d) TE 


The coercivity of a small magnet where the 
ferromagnet gets demagnetized is 3 x 10° A m”. 
The current required to be passed in a solenoid 
of length 10 cm and number of turns 100, so that 
the magnet gets demagnetized when inside the 
solenoid, is 

(a) 6A (b) 30mA (c) 60mA (d) 3A 


In a large building, there are 15 bulbs of 40 W, 
5 bulbs of 100 W, 5 fans of 80 W and 1 heater of 
1 kW, The voltage of the electric mains is 220 V. 
The minimum capacity of the main fuse of the 
building will be 

(a) 14A (b) 8A (œ) 10A (d)12A 


An open glass tube is immersed in mercury in 
such a way that a length of 8 cm extends above the 
mercury level, The open end of the tube is then 
closed and sealed and the tube is raised vertically 
up by additional 46 cm. What will be length of the 
air column above mercury in the tube now? 
(Atmospheric pressure = 76 cm of Hg) 

(a) 6cm (b) 16cm 

(c) 22cm (d) 38cm 


A bob of mass m attached to an inextensible string 

of length / is suspended from a vertical support. 

The bob rotates in a horizontal circle with an 

angular speed rad s™ about the vertical. About 

the point of suspension 

(a) angular momentum changes both in direction 
and magnitude. 
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(b) angular momentum is conserved. 
(c) angular momentum changes in magnitude 
but not in direction. 

angular momentum changes in direction but 
not in magnitude. 


(d 


The current voltage relation of diode is given by 
I = (e'™ V1) mA, where the applied voltage 
V is in volts and the temperature T is in degree 
Kelvin. If a student makes an error measuring 
+ 0.01 V while measuring the current of 5 mA 
at 300 K, what will be the error in the value of 
current in mA? 

(a) 0.05 mA (b) 0.2 mA 

(c) 0.02 mA (d) 0.5 mA 


From a tower of height H, a particle is thrown 
vertically upwards with a speed u. The time taken 
by the particle, to hit the ground, is n times that 
taken by it to reach the highest point of its path. 
The relation between H, u and n is 

(a) gH = (n= 2u? (b) 2gH= nu? 

(c) gH = (n -2)}u? (d) 2gH=n?(n-2) 

A thin convex lens made from crown glass 
(u=3}has focal length f. When it is measured 
in two different liquids having refractive indices 
Zand Š, it has the focal lengths fi and fa 
respectively. The correct relation between the 


focal lengths is 
(a) fi and fy both become negative 
(>) fi=h< 

(c) fi > fand fa becomes negative 
(d) f > fand fı becomes negative 


A parallel plate capacitor is made of two circular 
plates separated by a distance of 5 mm and with 
a dielectric of dielectric constant 2.2 between 
them. When the electric field in the dielectric is 


10. 


1. 


12. 


13. 


3 x 10° V/m, the charge density of the positive 
plate will be close to 
(a) 6x 10* C/m? 

(c) 3x107 C/m? (d) 3x 10! C/m? 
In the circuit shown 
here, the point’C’ is kept 
connected to point ‘A’ 
till the current flowing 
through the circuit 
becomes constant. 
Afterward, suddenly, point’C’isdisconnected from 
point’A’and connected to point’B’ at timet=0.Ratio 


(b) 6x 107 C/m? 


of the voltage across resistance and the inductor at 
t= LIR will be equal to 
l-e e 
@) = F Ta 
(c) 1 (d) -1 


Two beams, A and B, of plane polarized light with 
mutually perpendicular planes of polarization are 
seen through a polaroid. From the position when 
the beam A has maximum intensity (and beam B 
has zero intensity), a rotation of polaroid through 
30° makes the two beams appear equally bright. If 
the initial intensities of the two beams are I4 and 
1 
Ig respectively, then a equals 
B 
(a) (b) 3 


[Q] (d) 1 


NIB ole 


There is a circular tube in a 
vertical plane. Two liquids 
which do not mix and of 
densities d and d are filled in 
the tube. Each liquid subtends 
90° angle at centre. 

Radius joining, their interface makes an angle o 


d, 
with vertical, Ratio -Ċ is 
dy 


1+sino l+sing 
® cosa: ©) Tsina 
1+cosa 1+ tana 
ataa ay itana 
©) 1-cosa (a) 1-tana 


The pressure that has to be applied to the ends 
of a steel wire of length 10 cm to keep its length 
constant when its temperature is raised by 100°C is 
(For steel Young's modulus is 2 x 10! N m? and 
coefficient of thermal expansion is 1.1 x 10° K”) 
(a) 2.2x 10° Pa (b) 2.2 x 10° Pa 

(c) 2.2x10° Pa (d) 2.2107 Pa 


14. 


15. 


16. 


17. 


A block of mass m is placed on a surface with 


a vertical cross section given by y=%, If the 
coefficient of friction is 0.5, the maximum height 
above the ground at which the block can be placed 
without slipping is 


1 
(@) op og 


1m =m 
2 3 
Three rods of Copper, Brass and Steel are welded 
together to form a Y-shaped structure. Area of 
cross-section of each rod = 4 cm?, End of copper 
rod is maintained at 100° C where as ends of 
brass and steel are kept at 0°C. Lengths of the 
copper, brass and steel rods are 46, 13 and 12 cms 
respectively. The rods are thermally insulated 
from surroundings except at ends. Thermal 
conductivities of copper, brass and steel are 0.92, 
0.26 and 0.12 CGS units respectively. Rate of heat 
flow through copper rod is 

(a) 6.0 cal/s (b) 1.2 cal/s 

(c) 2.4 cal/s (d) 4.8 cal/s 


© (a) Fm 


A mass 'm is supported 
by a massless string 
wound around a uniform R 
hollow cylinder of mass ml S 

m and radius R. If the 

string does not slip on 

the cylinder, with what 

acceleration will the mass 

fall on release? 


OZ © 
3 


g 5g 

2 6 
Match List-I (Electromagnetic wave type) with 
List-I (Its association/application) and select the 
correct option from the choices given below the 
lists : 

| List-I 

P | Infrared waves | (i) 


(a) g (d) 


List-II 
To treat muscular 
strain 


[Q Radio waves (ii) _| For broadcasting 

R | X-rays (iii) | To detect fracture 
of bones 

S | Ultraviolet rays | (iv) | Absorbed by the 


ozone layer of the 
atmosphere 


@ @ Gi) Gi) iv) 
©) iv) Git) i) i) 
© @ Gi) Gv) i) 
(@) Gi) i O iv) 
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18. 


19, 


20. 


21. 


72 


The radiation corresponding to 3 2 transition of 

hydrogen atom falls on a metal surface to produce 

photoelectrons. These electrons are made to enter 

a magnetic field of 3 x 10% T. If the radius of the 

largest circular path followed by these electrons 

is 10.0 mm, the work function of the metal is close 

to 

(a) 1.6eV (b) 18eV 

(c) 11eV (d) 0.8eV 

During, the propagation of electromagnetic waves 

in a medium 

(a) Both electric and magnetic energy densities 
are zero. 

(b) Electric energy density is double of the 
magnetic energy de 

(c) Electric energy density is half of the magnetic 
energy density. 

(d) Electric energy density is equal to the 
magnetic energy density. 

A green light is incident from the water to the air- 

water interface at the critical angle (0). Select the 

correct statement. 

(a) The entire spectrum of visible light will come 

out of the water at various angles to the 

normal. 

The entire spectrum of visible light will come 

out of the water at an angle of 90° to the 

normal. 

The spectrum of visible light whose frequency 

is less than that of green light will come out to 

the air medium. 

The spectrum of visible light whose frequency 

is more than that of green light will come out 

to the air medium, 


(b) 


(0) 


(d 


Four particles, each of mass M and equidistant 
from each other, move along a circle of radius 
R under the action of their mutual gravitational 
attraction. The speed of each particle is : 


1 [GM GM 

@ R +242) (b) YR 
J GM 

© PR 


A particle moves with simple harmonic motion in 
a straight line. In first t s, after starting from rest it 
travels a distance a, and in next t s it travels 2a, in 
same direction, then 

(a) time period of oscillations is 6t 

(b) amplitude of motion is 3a 

(c) time period of oscillations is 8t 

(d) amplitude of motion is 4a 


Masaa) 
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23. A conductor lies along the z-axis at-1.5<z<1.5m 


24. 


26, 


and carriesa fixed current of 10.0 Ain ~azdirection 
(see figure). For a field B=3,0x10e™* ay T, 
find the power required to move the conductor at 
constant speed to x = 2.0 m, y = 0 m in 5 x 10° s. 
Assume parallel motion along the x-axis. 


(a) 29.7 W (b) 1.57W 
(c) 2.97 W (d) 14.85 W 
The forward biased diode connection is 
-2 V; +2V 
(a) — ow 
+2 V, -2V 
o) — Dw 
-3 V, -3V 
© ma 
2V 4V 


. Hydrogen (;H’), Deuterium (H°, singly ionised 


Helium (jHe')' and doubly ionised lithium 
(BLif)™ all have one electron around the nucleus. 
Consider an electron transition from n = 2 to 
n= 1, If the wave lengths of emitted radiation are 
da, Ay Às and Ay respectively then approximately 
which one of the following is correct? 

(a) Ay=2Ag=3A3=4Ay (b) 4M = 2M = 2 = Ay 
(© M=2M= 2A, (d) M = A= 4s = 9y 
On heating water, bubbles 


being formed at the bottom 
of the vessel detatch and 


rise. Take the bubbles to 
be spheres of radius R and 
making a circular contact of 
radius r with the bottom of 
the vessel. If r << R, and the 
surface tension of water is T, 
value of r just before bubbles detatch is (density of 
water is pw) 


2r 


3p, g Pus 
a) R2 | Ew b) R2, [Ew 
(a) R 7 (b) R ar 

PWS PVs 
c) RÈ J d) RR Jwe 
() on (d) R > 


2. 


28. 


29, 


30. 


A pipe of length 85 cm is closed from one end. 
Find the number of possible natural oscillations 
of air column in the pipe whose frequencies lie 
below 1250 Hz. The velocity of sound in air is 
340 ms", 
(a) 4 


(b) 12 (c) 8 (d) 6 


Assume that an electric field E = 30x? exists 

in space. Then the potential difference Vy - Vo: 

where Vo is the potential at the origin and V4 the 
potential at x = 2 m is 

(a) 80J (b) 120J (c) -120J (d) - 80) 

A student measured the length of a rod and wrote 

it as 3.50 cm. Which instrument did he use to 

measure it? 

(a) A screw gauge having 50 divisions in the 
circular scale and pitch as 1 mm. 

(b) A meter scale. 

(© A vernier calliper where the 10 divisions in 
vernier scale matches with 9 division in main 
scale and main scale has 10 divisions in 1 cm. 

(d) A screw gauge having 100 divisions in the 
circular scale and pitch as 1 mm. 


One mole of diatomic ideal 
gas undergoes a cyclic 


process ABC as shown in 

figure. The process BC is P 

adiabatic. The temperatures 

at A, B and C are | 4 

400 K, 800 K and 600 K 

respectively. Choose the w: 

correct statement 

(a) The change in internal energy in the process 
BC is - 500 R. 

(b) The change in internal energy in whole cyclic 
process is 250 R. 

(©) The change in internal energy in the process 
CA is 700 R. 

(d) The change in internal energy in the process 
AB is -350 R. 


B 
800K 


SOLUTIONS 


(d): Restoring force, F = ax + bx? 

Work done in stretching the rubber-band by a 
small amount dx is given by 

dW =Fdx 
Net work done in stretching the rubber-band by 
Lis L 
We faw = f Fax 
0 


L 
> W = [axe bx? yde = 
0 


2 3 
oH gE 
2 3 


=> W 


z 


5. 


(d): Here, 2 =3x103A m! 
Ho 
L=10cm=0.1 m, N= 100, 1=? 


As, B= ponl =H LT 


tabs =3x10 x PE =3A 
(d): Power of 15 bulbs of 40 W 
= 15 x 40 = 600 W 
Power of 5 bulbs of 100 W 
=5x 100 = 500 W 


Power of 5 fan of 80 W =5 x 80 =400 W 
Power of 1 heater of 1 kW = 1000 W 

Total power, P = 600 + 500 + 400 + 1000 

= 2500 W 

When these combination of bulbs, fans and heater 
are connected to 220 V mains, current in the main 
fuse of building is given by 
P _ 2500 


=—-11.36A=12A 
Vv 220 : 


(b) : 


When glass tube is open, pressure inside it = Pp 
When the open end of glass tube is closed then 
pressure inside it = P 
P’ =Po- pgx (i) 
Work done in case I= Work done in case II 
Now, PoA(8) = P'A(54- x) 
= Po(8) = (Po - pgx)(54 - x) 
=> pg(76)(8) = pg(76 - x)(54 = x) 
= 76(8) = (76 - x)(54 - x) 
On solving x =38 cm 
‘Therefore, air column = 54 — 38 = 16 cm 


[using (i)] 


(d): t(mg) = mg x [sind 
Direction of torque by weight is 
parallel to the plane of rotation 
of the particle. 

Astis perpendicular to the 
angular momentum of the bob 
so the magnitude of angular 
momentum remains same but 
direction changes. 


(b): As, 
T= (eT _41) mA ali) 
Here, 1=5mAatT=300 K 
dV =0.01 V 
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Be (evry 

= WV) _ 6 mA, 

Differentiating eqn. (i), we get 
aire (œ aoo vay 


-1000 
300 

7. (d): Time taken by the particle to reach 
the top most point is, 


t=” wali) 


Time taken by the particle to reach 
the ground = nt 


(6)(0.01) = 0.2 mA 


Using, s=ut+ pat 


=> -H=u(nt)- 5 tnt)? 


2 
=> ~Ht=wen( #}-4e07(4) 
gs) 2 \8 


=> -2gH=2m?- i? = 2gH = n(n -2) 


{using (i) 


8. (0): Given p= Ftcrown glass) and focal length =f 
Focal length = f, when lens is placed in liquid of 
refractive index pu, = S 
Focal length = fy when lens is placed in liquid of 


refractive index p => 


Using Lens maker's formula 


1_(3/2_,)(4_1)_-1f4_ 
> plete ole 


slad toa 
R Ry 
Hence, f = 4f and fy = -5f. 
9. (b): Here, K =2.2. E =3 x 10* V m” 
Electric field between the parallel plate capacitor 
with dielectric, 


Ea 
Keg 


74 PHYSICS FOR YOU | mav '14 


10. 


11. 


12, 


13. 


= o=KegE 
= 2.28.85 x 10 x3 x 108 
=6x107Cm? 
(d): Initially current in 
the circuit = Ip 
After time £ current falls 
to new value. 
1= lge 
Voltage drop across the resistance, 
Vp = IR = Vo" a(i) 
Voltage across the inductor, 


dl lo t-tin) 
V =L—-=L| -— 
L dt | rd 


=> Ve=-Re"" =- Veet" 
From eqn (i) and eqn (ii) 


wii) 


V; 
Ra 
vV, 


(a): When a polaroid rotated through 30° with 
respect to beam A, then beam B is at 60° with it. 
So, 14 cos*30° = Ig cos?60° 
> 1(2)=16(4)>74=2, 
4 4) Ih 3 

(d): OA=R 
BC = Rsina 
OE = Rcosa. 
OD = Rsina 
Pressure exerted due to liquid 
of density d; at the point A 
P, = Po + d\g(DE) 
% + dyg(OE - OD) 

= Po + digR(coso. - sina) 
Pressure exerted due to liquid of density d at the 
point A 
Py = Py + dog(AC) = Py + dag(BC + OE) 
Po + dog [sina + cosa). 
As system is in equilibrium, P, = P>. 
= ` Pa + digR(cosa - sina) = Py + dag(sino. + cosa) 
=  di(cosa - sina) = da(sine. + cosa) 


(b): Given, 

AT =100°C, Y =2 x10" N m° 

a=11%10°Kt 

Thermal strain in the wire = «AT 

[As 1 = h(1 +a AT)] 

Thermal stress in rod is the pressure due to the 
thermal strain. 

Required pressure = YOAT 

x 10! x 1.1 x 10% x 100 

.2 x 108 Pa. 


E k 
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14, (b): Block is under limiting friction, so 


u= tand wi) Y 
Equation of the surface, 
x 
y=% n, 
dy _ x? i 
Slope, 57 ) ES J 


From eqns (i) and (ii), we get 


sx =1sx=1 


So, y= L 


15. (d): Here, heat flow per second 
through the copper rod is 
divided into two parts at the 
junction and that flow in two 
different rods made up of brass 
and steel as shown in figure. 


Q=Qiı +Q: 


100-T P-0,7-0 
Ro Re Rs 


where R =L, A is equal in each case 


= (100- n= (% | 


b ls 
= ao- ne-r (2,222) 
13 12 
=> T=40°C 
100 — 40; 
g-02- T Mikes 
iS 
Q= 60x0.92x4 bals 
46 
16. (c): Here, string is not 
slipping over pulley. 


Applying Newton’s second 
law on hanging block 

mg -T = ma sali) 
Torque on cylinder due to 
tension in string, about the 
fixed point 
TxR=lo 
TxR=mR'a  (v 
=> T=mRa 
= T=ma 
From eqns (ii) and (i 


mg=2ma = a= 


1 = mR? for hollow cylinder) 
(iii) 


ing eqn. (i)] 


17. (a): Infrared waves are used to treat muscular 
strain. Radio waves are used for broadcasting. 
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18. 


19. 


20. 


21. 


X-rays are used to defect fracture of bones. 
Ultraviolet rays are obserbed by the ozone layer 
of the atmosphere. 


(c): Radius of a charged particle moving in a 
constant magnetic field is given by 


af 1 no? ) 
= MD op R? MPV? 27 J_ 2m(K.E.) 
qB pB PB 7B" 
2p2p2 
> kis 
2m 
2p2 
a B R ma 
> KEmax Syn = 0.80 eV 


Energy of photon corresponding transition from 
orbit 3 > 2 in hydrogen atom. 


7. $ 
e=136(4 4j eV 


Using Einstein photoelectric equation. 
E=KEmax + 
= 189=08+> => ġ=1.09=1.1eV 


(d): In an em wave, energy is equally divided 
between the electric and the magnetic fields. 


(©: As, sino=4 
u 


Also refractive index (p) of air 


the medium depends on the wales 
wavelength of the light. p is 

less for the greater wavelength 

(ie. lesser frequency). 

So, @ will be more for lesser frequency of light. 
Hence, the spectrum of visible light whose 
frequency is less than that of green light will come 
out to the air medium. 


(a): As shown in figure, each mass experiences 
three forces namely F, F and F’. 

Here, F = force between two masses at R 
separation. 

F’ = force between two masses 
at 2R separation, 

As the all particle move in the 
circular path of radius R due 
to their mutual gravitational 
attraction. 

Then net force on mass m 

= mass x centripetal acceleration 


2 
Fy Aare 
V2 R 
V2Gm? Gn? _ m? 


2 
son? 
> PV2+P =m > R22 aR? R 


= fis 4)” = v=} [6m +242) 


(from figure) 


24. 


25. 


26. 


. (a): As the particle starts from rest so we choose 
x= Acosot p E Sa 


When t=2r, x= A -3a 
ao (A-a 
and (A - 3a) = Acos2wt = A(2cos°%wrt ~ 1) 


> (A-3) ZECI ~ 


A-3 = Aaa) 1 
A A 
On solving, A = 2a 

Now, A -a = Acoswt 


=> cosut=+=cos? = o= 
2 3 3 


2n _ n 


> Brekor=6. 


. (©) : Force on conductor, F = I(x Ë) 


0(-3t,) x (3.0 10-40" ay) 

=> Ë =90x 104 (e®™) along x-axis 

Work done on the conductor in moving along 
x=2 


x-axis, W= Í Fdx 
x20 
x=2 2 
0.2: 
=90x10* f 22de =9010-4] 
02 


x=0 


> F 


-0.4 
> w swo =); 
02 


This is net work done on the conductor. 
_ Work 
time 


Average Power, P, 


ay = 


= Py = 2.97 W. 


b): ae 
n 


In forward bias, p-side of diode is at higher 
potential with respect to the potential of n-side. 


(d): As, Le pz2] 1-1 
X nè e 


Here, nı and n are same in each case and R is 
constant. 


. pepe => My = Ag = 40g 9y 


a 
C) : Force due to surface tension 
= Jtdlsino 
=(Tsi art 
= (T'sin®) fal = rf A Jean 


27. 


This force will balance the force of buoyancy. 


So, Tam £)=py[4nR? }p 


p 
Polan par? 
3° T 3T 


* None of given option is correct, 


(d): Here, | =85 cm = 0.85 m 
v=340 ms” 
Pipe is closed from one end so it behaves as a 
closed organ pipe. 
Frequencies in the closed organ pipe is given by, 


ù= Cae where, n=1, 2,3, 4, 
4 


According to question, v < 1250 Hz 

( wet ) v <1250 

(2n-1)x340 
4x0.85 

Possible value of n = 1, 2, 3, 4, 5, 6 

So, number of possible natural frequencies lie 

below 1250 Hz is 6. 


=> <1250 = (2n -1)<12.5 


. (d*) Here, Ë=30x? f, 


29, 


30. 


Vois atx 
As, dV =- 


V; 2 2 
3 
or fav = ~[30x7ax = [vy = J» | 
Vo 3 

Vo 0 


and Vj is atx=2m. 
-dł 


> \% -Vo)=-30x$ =-80] gi 
* Given unit in options is wrong. 


(c) : Measured value of the length of rod = 3.50 cm 
So, least count of the measuring instrument must 
be 0.01 cm = 0.1 mm 

For, vernier scale, 10 MSD = 1 cm = 10 mm 

= 1MSD=1mm 

Also, 9 MSD = 10 VSD 

L.C. =1 MSD -1 VSD 

= (1-0.9) mm =0.1 mm 


(a): Change in internal energy AU = nC,AT 
=1x 28 ar 
In the process AB, AU 4p = SR aoo) =1000 R 


-500 R 


In the process BC, AUgc = 5B 200) 


In the process CA, AU, = SR (200) =-500 R 
The change in internal energy in cyclic process is 


zero. 
mn 


PHYSICS FOR YOU | mav '14 77 


Thought 


Provoking 


Capacitors 


A parallel plate capacitor with air as 

a dielectric is arranged horizontally. 

The lower plate is fixed and the other 

is connected with a perpendicular 

spring. The area of each plate is A. 

In the steady position, the distance 

between the plates is dọ. When the 

capacitor is connected with an 
electric source with the voltage V, a new 
equilibrium appears, with the distance between 

the plates as dı. Mass of the upper plate is m. 

(a) Find the spring constant k. 

(b) What is the maximum voltage for a given kin 
which an equilibrium can be maintained? 

(©) What is the angular frequency of the 
oscillating system around the equilibrium 
value dy? 

Three large conducting 

plates are placed at a 

distance d apart in air. 

The space between 

the first two plates is 

completely filled with 

a dielectric slab of Tie O 

dielectric constant K = 2 

as shown in figure (2). 

The plates are given charges Q = 70, Qz = 3Q 

and Q; = 2Q respectively. The outer two plates 

are connected with a conducting wire. Find the 
charges at all surfaces. 

Consider a parallel plate capacitor whose plate 

separation is maintained by a dielectric constant 

K and thickness d when potential across the 

capacitor is zero. 


Fig. (1) 


—— 


By : Prof. Rajinder Singh Randhawa* 


4 ih 


AE 
variable voltage source 
Fig. (3) 

The dielectric strength of dielectric is Ey and 

it is compressible with Young’s modulus for 

compressive stress of Y. The capacitance of 

capacitor in the limit V — 0 is Co. 

(a) Derive an expression for the capacitance as a 
function of voltage across the capacitor. 

(b) What is the maximum voltage that can be 
applied to the capacitor ? 


A rectangular parallel 

plate capacitor of MW 

length a and width aq 

b has a dielectric of me 

width b partially Fig. (4) 

inserted a distance x between the plates as shown 

in figure (4). 

(a) Find the capacitance of the system as a 
function of x. 

(b) If the capacitor carries charge +Q and -Q 
on the plates, find the force that acts on the 
dielectric slab. 

(c) If the capacitor is connected to a constant 
voltage source V, find the stored energy as a 
function of x to determine the force that acts 
on a dielectric slab. 


Randhawa Institute of Physics, S.C.O. 208, First Fl, Sector-36D & S.C.O. 38, Second FL, Sector-20C, Chandigarh 
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Two concentric spherical 

shells have radii a and b, the 

charge on the shells is +q and 

-q respectively. The space @ 
between shells is filled with two 

dielectrics of constant K; and 

Ka. Each dielectric occupies 

half the thickness available. Find Fig. (6) 

the capacity of the system between innermost and 
outermost spheres 


1. 


(a) Let xo be the initial extension in the spring. 
In equilibrium, 

kx = mg s 
When voltage source is connected the plate 
separation changes from dy to dy. The extension of 
the spring increases by (dọ ~ d). 
When equilibrium is attained again, we've 


k [xo + (dg -d)] = mg +egEtA where E <7 


h 


2 
AV’ (ii) 


2d? (dy ~ dy) 
(b) From equation. (ii), 
_ 2d? (do - dy) 
gA 
Differentiating with respect to dı , we get 
dv 


2k 
2v =| = aAa -3d?] 


Solving for k, k= 


y2 


For V to be maxi WV )=0 
‘or V to be maximum, da, baad 
On solving for dy, we get 

2 

E 
2 Wis, 2 

2 (54) [4-34] 
Hence, Via = Sg 

Efa 
Vmax = Ga) 
(c) Let the small displacement of the upper plate 


be x downwards from equilibrium position. Then 
the net force on the plate is 


=> 


vw (iii) 
P 1 v2 

=-K[x9 tozd) tax] tg +584 GP 
h-a 


F=-Mdg-di]- kx +509 


[Using, binomial expansion] 


So, F= -kdato = (143 | 
1 


© er 


Acceleration, 


(Using (ii)) 


4%), a» (iv) 
Compare it with a = -w*x, we get 

k ( 3d, - 2d, 
m d 

Let the distribution of charges be as shown in 
figure . 


o= 


Q+) 
ma th (++ 


P| 


As electric field inside the conductor (let at point 
P) is zero, 
M=Bt+*?QtQ—-H or q= 


As the outer plates are connected, their potential 
will be same. 


Qta 


Qs +Q +Q, 
2 


d+—1_a=0 


EA KegA 


Thus the final charge configuration on six surfaces 
will be as shown. 


+20fo -fso 
+6Q| |-20 


(a) Let the voltage applied and compression in 
the dielectric be V and x respectively. Now we 
consider small compresion dx during that charge 
supplied by battery is dq. 
From conservation of energy, 
work done by battery = electrostatic energy in 
dielectric + potential energy in dielectric 

d 


“IJE 
variable voltage source 
Fig. (3) 
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vaq=1vaq+ “5x -dx 


= 3 Vag = "2 xd (i) 
Asq= ae dq= ny ww (ii) 
Putin (i), = SKVMC= = “A ws 
Capacity i. the capacitor is C = oa . (iv) 

dC _ KegA wa (v) 

dx (d-x)}? 
Now, put (v) in (iii), we get 
Igy KA YA, Lyre wu- Dy (vi) 
2 (d- d Kĉ?egd 
For a small compression x, i.e. x << d, 

d-x=d 

2 2, 2 
ve ae 7 eS a m (vii) 
Regd 2Yd 

Put (vii) in (iv), we get 

ca Keod ___ KeA 

_ VKo T vra] Eo 
2Yd avd? 
Ifx<<d, C= ee vi = 
a 2Yd? 
2 2, e 
coe, y È ol As V=0, ga 
d 2yd? 


22, 
. ezafi” = | 

2yd" 
(b) Let xo be the compression when dieletric 
breakdown occurs. The potential difference at 
this position, V = Eo(d — xo). 
Put it in equation (vi), we get 
oY x, = BK tod 

“0 2Y 


EK? a] [ EK | 
n Vp = Ep| q 20K £04 |= Epal 1- FoK“to 
{a 2Y 08] 1 2Y 


(a): The system is a parallel combination of two 
capacitors, one with empty space and other with 
dielectric slab. The equivalent capacity is 


Ceq = Caictectric + Cempty 


_ Keghtx) , e9h(a-x) ask ia 


d d 
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(b) The energy of the capacitor 
-È Qi 1i 
2C 2egb [a+(K-1)x] 

In the absence of any source charge of the 

capacitor remains constant. As electrostatic field 

is conservative, we have 


wn (ii) 


pot -Qaaf i 
dx 2egh dx|a+(K-1)x 
Q?d(K -1) 


PANK > asit a (iii) 
2egbla + (K -1)x]? 
Using equation (i), we ve get 


eb] Q 
2d Ceg 


(© Whenthe Srei nt volage sourceis attached, then 


s 1) 


icv?= ja +(K-1)x]V? 


du 
Since F=-2= 
ince m 


p- lb 
2d 


1 a 


v2 ask- 1a] 


F= (K-1)V? 


Inner Tre has radii, r = 
n=at (+) anh 
2 2 


Hence, , 
at 
ee areka [=] _ Ae yK,a(a +b) 
en SO 
Eye 
Outer capacitor has radii, 7 = a n=b 
Hence, 
a+b 
ase Aneokab | _ Arey K,b(a+b) 
? =a) 


v-[##?] 
2 


‘The equivalent capacity of the system is 


2 
__ (b-a) b-a) 
© AmeyK,a(a+b) 4negKb(a +b) 
On solving for Cey we get 
eq = Ae KK ap CH 1 


(b= a) [Ka+ Kb] 
an 
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dd 1 MUSING 


SOLUTION SET-9 


1 


(b,c) : Image can be formed on the screen if it is 
real, Real image of reduced size can be formed by 
placing object beyond centre of curvature before a 
concave mirror or a convex lens. 

Let u =~ (2f + x), then 


i i ii 
ivei e kana 
or convex lens, -7 +357 


or tye 
2f+x v f 
á li i x 
of 2f+x f2f+x 
yp -f2f+x) 
frx 


It is given that |u| + lol =1m 


apreta afeafe | 1 


+x 
(2f +x)? x 
Sa 1 sali) 

Also, for diminished image, m < 1, which gives 

2ftx<1 

(f+x)<1 oii) 

This will be true only when f < 0.25 m. 

(b,c) : Equivalent focal erat of two lenses 


Ja ¥* 
separated by distance yi =--> 
a T7 A R Rh 
k FERRE both lenses have same power) 
x 
or == => f>0 for every x. 
ff? 
For x= 0, f= 


Hence for x = 0, system will behave like a glass 
plate. 
(c): A 50 N s 


Impulse = change in momentum, P = 50 N s 
Velocity along vertical direction 
oy = oe Aen ms? =25V3 ms 
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Velocity along horizontal direction, 


ei Fa ee 


Av = 53s 


Time of flight, T = 


L_Pxr _ 50x02x5 
Also, 0 = 772 ar TE 
mr? 21x(0.2) 
5 
25 rad st 
As 2nn=wT 
_ oT _ 625x543 _ 3125/3 
2n 2n m 
(d): Frictional force between ground and sphere, 
F 
f= 7 
qa 
1 


2F 7umg 
$ =s Pe- 
pe: 2 


The maximum value of F = Zum 


(c): Angular acceleration, a= 8 = —248 
mr? t 
2 
O W 
Time taken to stop rotation, h = 2% = Gor 
Linear acceleration, a =- ug al 2ug 
va _ Wor 
Time taken to stop translation, t, =—} = —" 
i 2 lal dug 


vo h<h 
Hence disc will return to initial point. 
(b): The magnetic field due to two wires at P 
Mol 
B= 
1 2n(d +x) 
= Hol 
2” In(d =x) 


Both the magnetic fields act in opposite direction. 


„Hof i 1 

B=B,- ee 

2 ls x d+x 

aol d+x-d+x)__ Bolt _ 
2r) d- | n(d?-x?) 


Contd. on page no. 87 


PROBLEM 


NG TACTICS 


OPTICAL IMAGE FORMATION AT OBJECT ITSELF 


Dealing probler 


in optics, when optical image 
formed by the s tem of optical elements, 
on the object its situations can be result of 
generally retracing of the path of the light and other 
due to non bending of the light while travelling through 
the optical media, 

How these problems are to be tackled with, here are 
some of the optical concepts to deal with such type 
of problems. 


1. _ In the case of refraction through the single curved 
surface, the situation can be little interesting. If 
the light is refracting through the single refracting 
surface from the denser to the rarer medium, the 
optical formula is 


Hy Hh U 
v 


1742) leads to H2 +H = (He) 
=u R 


(=u) (=u) CR) 
Solution for this is when u = R, Thus the object 
and the image coincide when the object in this 
case is kept at the centre of curvature. 


> 


My 


For a transparent lens, which is not polished from 
any of the side, such attempt to make the image 


ti 


on itself is not possible as ~--=— will give 
Eaa v u 
rai F 


which is not possible as an optical lens do have 
some power of convergence or divergene. 


P 


In the case of concave mirror, as the light here 


can retrace the path itself and 1+1 = will give 
vu 


-p73 Which leads to u = R. 


*By : Sameer Gupta 


Thus, it is clear from both the points 1 and 2 
that for the single refracting surfaces and for the 
concave mirrors, the object and the image will 
coincide with each other if u = R. 

But here along with it, it is interesting to note that, 
in the case of diverging mirror the situation might 
seems to be same, but how can one place a real 
object on the centre of curvature of such mirror? 
Thus the situation is much valid for the virtual 
objects. Or the convex mirror may work with 
other optical element to make the light get back 
through the same path. 


Retracing from the other optical elements can also 
be done, with the help of mirror used at the end of 
the various transparent optical elements train, Here 
different types of mirrors can play a different role for 
the image formation on object itself. 


1. A plane mirror only retraces the light when the 
light is incident normally on the plane mirror. 
Hence it is clear that in these type of optical 
situations the light coming out from the last 
transparent optical element should come out in 
such a way that it simply strikes normally the 
plane mirror surface. 


l 


2. In the optical situation where, the last optical 
element is a convex mirror, the light from the 


*Rigved Study Circle, Dhaki Road, Pathankot- 145001 (Punjab) 
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=< |) 


various transparent elements, when oozes out 
from the system, should be targeted convergence 
along the centre of curvature R of the convex 
mirror. If the distance of the last transparent 
element from this mirror is x, hence the last 
transparent element should be beamed at x + R. 


+x 


For the light to be retraced from the surface of the 
concave mirror, at the last of the optical elements, 
the beam is first made to converge at the centre 
of curvature, before to strike at the surface 
of concave mirror. If the distance of the last 
transparent element from this mirror is x, hence 
the last transparent element should be beamed at 
xR, 


+ + 


ero 


Here are some of the experimental problems for such a 
situation, to understand the concept in a better way. 


1. 


Measurement of refractive index of a liquid using 
concave mirror : 
Place concave 
mirror of large 
focal length on the 
table with mirror 
surface upward and 
vertical principal 
axis. With the help 
of a sliding smooth 
stand a horizontal pin is placed with the tip of the 
pin on the principal axis of the mirror. Pin is to 
be slided till there is no parallax between the tip 
of the pin and the image. The pin here is on the 
centre of curvature of the mirror. 


Solution Senders of Physics Musing 
1, Suranjan Bera (Kolkata, West Bengal) 
2. Nesa Mirza (Kolkata, West Bengal) 
3. Hari Krishna. V (Andhra Pradesh) 
1. Khwaja Sami Baig (Azamgarh, UP) 
2. Abhishek Prasad (Jamshedpur) 
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Now add small quantity of water/liquid whose 
refractive index is to be calculated. Move 
the pin down till there is again no parallax 
between the pin and the image. If C, is the 
parallax position without liquid and C, is the 
position with the liquid on the mirror, then 
u=0C,/0C, 


In AC\AB, snige 


, _ _ AB 
and in AC)AB, sinr =e 


As from Snell’s law, usini = 1 sinr 


AC, 
AC) 
If thickness of liquid can be neglected then n= 


As for paraxial rays, p= 


oc, 
oc; 
Measurement of the focal length of a convex lens 
and refractive index of a liquid using convex lens: 
Keep the convex lens on a plane mirror. As stated 
in the earlier experiment 1, place the pin where 
the pin gives no parallax with the image. Here the 
pin is on the principal focus of the lens. Further 
one can calculate the refractive index of the 
material of the lens also. By a calculating method 
one can easily see that, one object is at the focus of 
the lens, the refracted rays from the lens, emerge 
as parallel rays and strike normally on the plane 
mirror to retrace the path and again to get its 
focus on the same side. 


1jO TO 
j I 
fi x 
| | 
Fig. 1 Fig. II 


Here in this method, a transparent liquid’s 
refractive index can also be calculated. Add few 
drops of the liquid between the lens and the mirror 
and repeat the experiment to get the parallax 
position again. If R is the radius of curvature of 
the equi-convex lens and x is the position of the 


new parallax, then p=1+% 
From fig. I x 
E eee oe | 
ses 4+— t= 

FoR Sn fi 

pee 

Ff 


2F = f, system will behave like concave mirror 


x=f, 

From fig. Il 

b ES: 1 1 1 1 1 

sett tS tt 

F fi fo fu fo fi 

1 2 

===+—+0 

F l So 

12| M22], 4) _ =I 

F R R 

120i ope FR 

F R (w=) 

Hence x=—R_, yat4® 
(u=1) x 


TEST YOURSELF 


1. 


A point object O is placed at distance of 40 cm from 
a convex lens of focal length 20 cm as shown in the 
figure. At what distance x from the lens should a 
convex mirror of focal length 50 cm be placed, so 
that final image coincide with the object? 


f=20cm 


4—10 cm 


[Ans: 40 cm] 


AVAILABLE 


2 


Volumes of the following 


In the given figure, what should be the value of x 
so that image is formed on the object itself? 


f=10cm f= 10cm 
puppa 


[Ans: 10 em] 


A thin bi-convex lens of refractive index 3/2 is 
placed on the horizontal table. The space between 
the lens and the mirror is filled with water of 
refractive index 4/3. It is found that when a point 
object is placed 15 cm above the lens, on the 
principal axis, the image coincide with the object 
itself. On representing with another liquid, the 
image and the object coincide at a distance 25 cm 
form the lens. Calculate the refractive index of the 
liquid. 
[Ans : 1.6] 
Consider the situation, where a point object is 
placed in air at a certain distance on the principal 
axis of the convex refracting surface. Refractive 
index of the surface is 3/2. If the other surface of 
the transparent medium is polished like a plane 
mirror. Calculate the distance of the object from 
the surface so that, light after refraction and 
reflection forms the image on the object itself. 
Radius of curvature of the curved surface is 10 cm. 
[Ans : 20 cm] 
mn 
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YQU ASKED 
WE ANSWERED 


Do you have a question that you just can't get answered? 
Use the vast expertise of our mtg team to get to the bottom 
of the question. From the serious to the silly, the controversial 
to the trivial, the team will tackle the questions, easy and 
tough. 


The best questions and their solutions will be printed in this 

column each month. 
Q1. What causes thunder, and why can the sounds 
of thunder be anything from a nerve-racking 
clap to a drawn-out roll? 

~ Anjali Singh (New Dethi) 

The primary source of sound in thunder is the 
shock wave produced by the lightning, which 
is an electric discharge. The lightning’s huge 
current runs between cloud and ground (or 
between cloud and cloud) in a narrow channel 
with a radius of only a few centimetres. Within 
the channel, electrons are removed from air 
molecules by the huge electric field set up by 
charges on the ground and in the cloud. The 
freed electrons are then accelerated by the electric 
field and collide with air molecules, transferring, 
their acquired energy to molecules. Because 
the gas of these molecules is then quite hot (the 
temperature may be 30,000 K), the gas expands. 
This process occurs so quickly that the channel 
of hot gas initially expands much faster than 
speed of sound, which sends a shock wave of 
abrupt pressure variations into the surrounding 
air, producing, the sound of thunder, 

If you are standing close to the lighting, you 
hear a terrifyingly loud crack as the shock wave 
sweeps past your ears, If you are farther away, 
you first hear sound from the nearest part of the 
strike and then you hear sound from portions 
of the strike that are higher or father from 
you. However, because the sound waves have 
spread out, this delayed sound may not be loud 
enough to terrify you. You probably will also 
hear reflections of the sound off hills, buildings, 
ground, and even clouds. These effects draw out 
the thunder into a roll. 
You might hear a musical note if you are near 
lighting that consists of several rapid discharges. 
If the sound pulses from the discharges are 
closely spaced, you don’t perceive them 
individually but instead perceive them as 
being part of a note. For example, if the time 


Ans. 
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Ans. 


between successive pulses is 0.001 second, 
then you perceive sound with a frequency of 
1/0.001 = 1000 hertz. 

If the lighting is more than about 20 kilometres 
from you, may not hear any thunder. As the 
sound travels through the air, it is refracted (its 
pathis bent) by changes in air temperature (hotter 
air is less dense than cooler air, and such density 
changes can bend the path taken by the sound). 
Because the air is typically cooler at cloud level 
than atground level, the sound traveling towards 
you from distant lightning is bent up and away 
from you. However, in some thunderstorms, the 
air near the ground happens to be cooler than 
the higher air, a situation called a temperature 
inversion. During an inversion, sound from a 
lightning strike that is initially headed upward 
can be bent down. Worse, sometimes the sound 
emitted from various parts of a lightning strike 
can be focused (concentrated) in your direction. 


Why are ice cubes cloudy, and is there any way 
to make clear (transparent) ice cubes? 

-Neha Gupta (UP) 
Iceiscloudy because lightscatters from structures 
and materials inside the ice. Some of the material 
can be impurities that are concentrated by the 
freezing process. For example, as it advances 
into the water, the freezing process drives 
impurities into the liquid next to the interface 
of the liquid and the ice and forces dissolved air 
to form bubbles there. As the freezing, advances 
and drives more air into these bubbles, the 
bubbles become longer and surrounded by ice. 
Thus, long wormholes (hollows) extend toward 
the centre of the cube. 
The liquid-ice interface can advance only by 
conducting thermal energy from the interface 
to the surface of the cube, where it can be 
removed by cold air, The distance required of 
this conduction grows longer as the interface 
advances and so the advance slows. Thus, 
wormholes are typically wider near the centre 
of a cube (where the advance is slow) than near 
the surface (where the advance is faster). Some 
wormholes vary in radius because the freezer 
cycles between being, on and off. Ice made from 
a brine (salty) solution can show more complex 
air bubbles that made form tap water, Under 
ideal conditions, they can form tiny spirals or 
zigzag, patterns. 
To make clear ice, distilled water can be used 
to avoid impurities and the water can be boiled 
for about 15 minutes to eliminate most of the 
dissolved air.” 


Poonam Shah (MP) 


Q3. 


When the smoke rising from a campfire is viewed 
against a dark background such as surrounding 
trees, it is tinted blue, but when it is seen against 
a bright background such as the sky, it is tinted 
yellow, red, or orange.Why do the colours differ 


in the two viewing situations? —_ syeejit Kerala) 


. The smoke particles from the campfire are 


small enough that they scatter the blue end of 
the spectrum more strongly than the red end. 
So, the light continuing in the original direction 
weakens in blue and becomes yellow, red, or 
orange. If you view the smoke against a dark 
background, the light source must be behind 
you (it might be the Sun or a bright portion of 
the sky). Blue light scatters in your direction. If 
you view the smoke against a bright sky, that 
portion of the sky is the light source. You then 
intercept light that has become depleted in blue 
after passing through the smoke, thus the light 
is dominated by the red end of the spectrum. 


PNEEIMUSING Conid. from page no. 82 


7 


(©) : By law of conservation of linear momentum 
mu = imo + MV wi) 
where m = mass of bullet 

M= mass of block 

u = velocity of bullet before collision 

v= velocity of bullet after collision 

V= velocity of block after collision 

By law of conservation of energy 


Mgh=3.Mv? 
=> V=2gh=V2x98x01 


V=14ms? 
Puting in equation (i), we get 
500 x 0.01 = 0.010 + 2(1.4) 


s teat 
ii 0.01 


=220 ms 
(©): Loss in kinetic energy during head 
H mM J? 
2\m+M 
a mM 


2: 
— =AE 
2 ten) 


on 


collision = 


(b): Mass per unit length of the rod = A + Bx, 
So the mass of length dx is dM = dx(A + Bx?) 


Q4. 


10. 


When an automobile driver steps on the 
accelerator, the nose of the car moves upward. 
When the driver brakes, the nose moves 
downward. Why do these effects occur? 
-Rajender (Pune) 
» When the driver steps on the accelerator, 
there is an increased force on the tires from 
the roadway. This force is parallel to the 
roadway and directed toward the front of the 
automobile. This force provides a torque that 
tends to cause the car to rotate in the clockwise 
direction around the centre of mass of the car. 
The result of this rotation is a “nosing up” the 
car. 
When the driver steps on the brake, there is an 
increased force on the tires from the roadway, 
directed toward the rear of the automobile. 
This force results in a torque that causes a 
counterclockwise rotation and the subsequent 
“nosing down” of the atomobile. 


y 
m= E =i 
dx 
ml 
s 
O aa 


2 
eao 
x x 

F= ‘ “on( Jas (a+ m?) 


ni A 
al C| 4+ = Gn]4-4 +n] 
x a+L 


(c) : Total energy = kinetic energy + potential energy 


or Ey= im? oMin al) 
r 
a 
Further 2 mo’ _GMm 
2 
r 
1 GM 
or St sae „(ä) 
Substituting the value of jm? in equation (i) 
from equation (ii), we get 
p, „GMm _GMm _ _GMm 
A f 2r 
GMm 


Therefore, potential energy = =2E9 
r 
= 
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52, 


53. 


4-1 
ts > ma 


=4R es 
3R 


Forn=3>n=1 


. (a): The wavelengths of the spectral lines in the 


Balmer series is given by 


For hydrogen atom, Z 
line 


=1, n =3 for first spectral 


Los R(2)} | -4] 
Het 16 
3 Y 
=4R| > „(ii 
[k] a 
Divide (i) by (ii), we get 
Pt 5 
w 27 š 
hay = Aq X= =(6561 À) x — =1215 Å 
Het ha 57 = ( x7 
In2 _ 0.693 
: A= Da n z 
(4) : Decay constant, Tya 1386 s 5x104s 
According to radioactive decay, N = Nye 
saoto gy N _ oot 
No Ny 
Fraction of nuclei decayed = MeN gN 
0 No 
= 1-694 = 1-096 
= 0.04 = 4% 


(a): The alpha decay of 7\'Po is given by 
210Po — 726Pb + 3He 
The energy released during this process is 
Q = (Mpo - Mpp — MHe)c* 
= (209.982876 — 205.974455 — 4.002603) u » c€? 


PHYSICS FOR YOU | MAY “14 


© 


(c) 


55. 


57. 


= (0.005818 u)c2 
005818 u) x 932 MeV 
422 MeV =5422 keV 


Kinetic energy of a particle, K, = lano 
K, = 08 x 5422 keV = 206 x 5422 keV 
> 210 210 


=5319 keV 


l. (c): (a) SLi > PH + $He 


mĜH) + mĞHe) = 2.014102 u + 4.002603 u 
9.016705 u 


m(SLi) = 6.015123 u 
© m+m>M 
So reaction is not possible. 
Hence, (a) is an incorrect statement. 


210Po > Bi + TH 

mBi) + m({H) = 208.980388 u + 1.007825 u 
= 209.988213 u 

m(?4{Po) = 209.982876 u 


So reaction is not possible. 
Hence, (b) is an incorrect statement. 
tH + $He > SLi 
mH) + m(3He) = 2.014102 u + 4.002603 u 
= 6.016705 u 

m(5Li) = 6.015123 u 
m3 + mg >M’ 

Deuteron and alpha particle can go complete 
fusion. 
Hence, (c) is a correct statement. 


70: 82 152, 
Wan + 85e > Gd 
m(3yZn) + m(%Se) = 69.925325 u + 81.916709 u 


= 151.842034 u 
m(12:Gd) = 151.919803 u 

m+ my <M! 
So, reaction is not possible. 
Hence, (d) is a wrong statement. 


(c) : In alpha decay, atomic number decreases by 2 
and mass number decreases by 4. P > 2 

In B* decay, atomic number decreases by 1 and 
mass number remains unchanged. Q > 1 

In fission, heavy nucleus breaks into two light 
nuclei, R— 4 

In proton emission, both atomic number and mass 
number decreases by 1. S > 3 


m+m>M 


» (d) 


(0): Ky +K + Ky =0.8x10Ć eV 
When electron has zero kinetic energy, energy is 


60. 


. (1): Activity, A = AN or Az=in (as a=1) 


shared by antineutrino and proton. 
Then, K, + Ky =0.8 x 10° eV 
As antineutrino is very light mass in comparison 
to proton so it will have almost contribution in 
total energy. 

Its energy is almost 0.8 x 10° eV 


where t is the mean life time 
N= At = (10! decay/s)(10° s) 
= 10! atoms 
Mass of the sample, m = N x (mass of 1 atom) 
= 10! x 105 kg = 1 mg, 


. (b): 1 MSD = 5.15 cm - 5.10 cm = 0.05 cm 


50 VSD = 2.45 cm 


1VSD= 50 cm = 0.049 cm 


Least count of vernier, LC = 1 MSD - 1 VSD 
=0.05 cm -— 0.049 cm 
=0.001 em 

Diameter of the cylinder 

= Main scale reading 

+ Vernier scale reading x least count 
=5.10 + (24)(0.001) = 5.124 cm 


(a): Least count of screw gauge 
_ Pitch 
Total no. of circular divisions on circular scale 


_ 0.5mm 
~~ 100 
Least count of micrometer 

B Pitch 

~ Total no. of circular divisions on circular scale 


= 0.005 mm 


_ 0.5mm 


= 0.005 mm 


The errors in both / and d are least count errors. 
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61. 


y= Mig 
nld? 
The maximum probable error in Y is 
AY _ Al 2A 
ae uae | 
Error due to | measurement, 
AAT 10.005 min dij 
1 0.5mm 
Error due to d measurement, 
2Ad _2X0.005m _ 4 gy 
d 05mm 


So error in Y due to measurement of | is same that 
of due to measurement of d. 


(o) : Least count of screw gauge 
B Pitch 
No. of divisions on the circular scale 


Diameter of ball, D = MSR + CSR x LC 
2.5 mm + (20)(0.01 mm) 


Diniy ps Ae Mn 
Y P= Volume an ( z ) 
32 
The relative error in the density is 
Ap _ AM , 34D 
p M D 
The relative percentage in the density is 
2 «100 =| 4M 4 342] 100 
P M 
=2% + SALO y 100 
27 


=2% +1.11% =3.11% 
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